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PAPEES. 


I. The Chronohgy of Star Catalogues By E. B Kkobel, Esq 

- ^ - 

The History of Star Catalogues is a branch of Astronomy on which English 
literature appears to be very deficient I have therefore reduced the 
following researches into a form available for reference, in the hope that they 
might to some extent fill up the gap that exists, and give more complete 
inforniation on this dopartinent of Sidereal Astronomy 

The Table of 530 Star Catalogues which is appended, I have endea¬ 
voured to make exhaustive of the labours of Astronomers m this direction. 
I cannot suppose it to be perfect, but the omissions will, I trust, be found few 
and unimportant 

No Catalogue is inserted m the Table, with very few exceptions, which 
has not been personally examined The exceptions consist entirely of 
Ancient and Oriental Catalogues either untranslated or which are not to be 
found in our Public Libraries, these are marked with an asterisk 

Following the Table of Catalogues of the Positions of Stars will be found 
a List of 29 Catalogues of Proper Motions of Stars. 

The Memoir which follows, consists mainly of notes on some of the less 
well-known Catalogues, the No of the paragraph is that under which the 
particular Catalogue is referred to in the Table 

I The earliest observations of Stars, undertaken for the purpose of 
identifying their relative positions, appear to have been made by Eudoxus, 
a disciple of Plato, about the period b c. 368 to 352 He is said to have 
introduced Astronomy into Greece from Egypt His observations were 
recorded by Aratus, from whom we derive all our information of them. 
Riccioli* gives the N P H. of 25 Stars, and Tycho Brahe f the N.P.D. of 

* Astronomice Eeformatm, tom i p 204 
t JS'istona Ocelestis, tom 1 p th 

Roy Ast Soc. Vol. XLIII 
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47 Stars determiaed by Eudoxus, extracted from the Astronomical Poem of 
Aeatus, B.c 281. 

2 The next Catalogue of Stars (by which we understand, properly 
speaking, a list of stars, showing their relative positions with respect to some 
known or assumed great circle) was made by Aristilius and Timocharis 
about B c 300 All we know of these Astronomers we derive from 
Ptolemy’s Almagest^ enough to show us how valuable their observations 
proved to their successors. Montucla says*: “ They appear to have been 
the frst Astronomers to determine the position of fixed stars with respect to 
the Zodiac, marking their positions by longitude and latitude, and if we can 
judge fiom a considerable number of their observations noticed by 
Ptolemy, they were the first to entertain the idea of forming a Catalogue 
of Stars.” They did not confine themselves to the Zodiac, as may be seen 
m Ptolemy. The Almagest^ contains the Declinations of 18 Stars observed 
by them for the Epoch B c 283 They observed for 26 years from b.c 295, 
the date of their first known observation 

For more than roo years we have no record of observations for deter¬ 
mining the position of stars Abatus, to whom we owe our knowledge of 
the observations of Eudoxus, was probably not an Astronomer at all.|: 

3- Hipparchus, bc 160 to 125, was the most celebrated Astronomer 
among the Greeks. The sudden apparition of a new star § induced him, as a 
similar phenomenon did Tycho Brahe many centuries later, to enumerate 
the visible stars, so as to know whether they appeared and disappeared He 
IS said to have constructed his Catalogue by the method of al:neations,|| 
indicating those that are m the same apparent straight line Our know¬ 
ledge of it IS derived mainly from Ptolemy, but there appears to be a doubt 
how it was originally formed It is said^ he first used Eight Ascensions 
and Declinations for the positions of stars, which he afterwards abandoned 
in favour of longitudes and latitudes. Humboldt says:** “In Hipparchus’ 
Commentary all positions are referred to the Equator by Eight Ascension 

S%?toire des MdtheTiiahq'ues, vol i p 217 
f Ptolemy, Almagest (^Hodma), yol 11 p 16 
J Caussih, Notices et Extrmts des MSS , toI xii p 239 
§ PiimY, bk 11 ch xxiY 
II Deapeb, Religion and Science^ p 29 
•[f JPemy Gyol, vol 11 p 531 
** Oosmos JPh/if JDescr'iption of Heavens, p 92, 
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and Decimation ” Monxucla conjectures* that “ Hippabchus described the 
Constellations with their stars ou a sohd globe, and that he placed this 
sphere in the school of Alexandria; for PTOXEMr, desiring to prove that the 
relative position of the stars had not changed since Hipparchus, requests 

that thej ma7 be compared with the positions on the solid globe of that 
Astronomer " 

The Catalogue of Hipparchus is supposed to have contained the 
positions of 1080 stars for the Epoch b.c. 128 Achibbes Tatius (ad 
400) in his work, designated by PETAViusf under the title Ad Arab Pirn- 
nomena qm hberfalso Eratosthem tribuitar, says: “ Stellasomnes Hipparchus 
asserit esse 1080 quai nimirum constellationes apparentes efficiunt.” 

4 Menbbaus, at the period a.d. 97, according to M. J. J, Sfi3)iBBOT,J 
constructed a Catalogue of Stars from that of Hipparchus, and Pxobemt 
founded his Catalogue upon that of Menblaus. Delambeb says • § “ Sxadius 
appears to have thought that Menelaus made a Catalogue at Pome 99 years 
after j. c ‘ Post natum Christum uti ex Ptolemaio colligitur annos 99 stellas 
hxas observavit.”j| This fact is not mentioned by Mr. Baiby in his 
Preface to Ptobemy’s Catalogue^, indeed, he there remarks: “ After the 
death of Hipparchus . . . no successor arose worthy of the name of an 

Astronomer tdl the time of Ptobemy.” But the statement of SEdielot is 
based probably upon a passage in the Preface to the Eescription of the 
Stars, by the Persian Astronomer Abd-Al-Rahman Ab-Si&pi Professor 
SCHJEBBERUP’S translation of this work has been recently published at St. 
Petersburg, from which I extract the following paragraph, Al.SHei writes 
in his Preface:—** 

“ Quant aux lieux des 4 toiles par rapport aux signes du Zodiaque, j’ai 
trouvd que PxoBEMfiE s’est ajipuyd sur les observations de MfiNfiBAus, faites 
Pan 845 de Nabonassae, et qu’d a marqn 4 dans son livre les positions des 
dtoiles fixes pour la premibre annde d’ANxoNix, e’est 4 dire Pan 88d de 
Nabonassae. L’mtervalle entre Pobservation de MIn^baus et P^poque de 

* M%stoire des McutMmahques^ vol i. p 364 

t Vmnolog% 07 hy p 362 VI 

t Trmte des Instruments Ast/ronoimques des Arales^ p, 4 

§ Bhst de VAstronomie, Moy, Age, p 448 

j[ StA-DIITS, Tdldulce Sergensesy CJdlon%ce Agr%ppun(B 1560, p 18^ 

*[{" M^emoiTS JEtoyed AstfonoTYuiocd Society, toI, 

** Ai-Stpi (SosJBLiBBTO), Deaorvphm des Ernies Fims, St. P 6 tersboiirg, 1874, p. 42 
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PxoLEMfiE est done de quarante et un ans.” Furtlier on he says —“ Si nous 
en retranchons 25 ^ I’addition faite par PtoeemSb k chaque dtoile, &c 

On this point Dblambre remarks .* “We do not see, either in Stamus 
or Ptolemy, that the Catalogue of Ptolemy was that of Milljeus or Mene- 
LAUS, reduced by the addition of 25^ to all the longitudes. Riccids, who tells 
us this story, took it from an Arabian author that I have not been able to 
identify ” 

There can be little doubt that the Arabian author cited by Riccius, and 
unknown to Delambke was Abb-Al-Rahman An-StFi 

The following passage in Albategkius (De Scienha Stellarum, Norim- 
berg, 1537, p 79) bears upon this question — 

“ Ipsarum autem loca secundum longum et latum in PTOEEMiEi libro 
anno primo regis Antonini, qui est annus 886 a rege Nabuchodonosoh 
invenimus in una lUarum observationum per quas Ptolbmjbus opeartus (sic) 
est fuit observatio Menelai, qua usus est anno 842 a Nabuohodonosor 
rege ” 

The Epoch of Mbnelaes is here given three years earlier than by Al- 
StfEi But the general accuracy of Albategnitjs, or Al-Battani, is severely 
questioned by AL-StEi, who says if “When Al-Battant wishes to make us 
believe that he knows the mansions of the Moon and the stais according to 
the method of the Arabs, and occupies himself with matters foreign to his 
subject, he only displays his ignorance ” 

We are subsequently told by An-StEi, that the Epoch of his Catalogue 
IS the year 1276 of Alexander (which conesponds to the beginning of the 
year a d 964), and that this was 866 years after the observation of Mene- 
LAUS The year 886 of Nabonassar began July 20, ad 138. The Epoch, 
therefore, of Ptolemy, according to Al-St&et, is ad 138 LalandeJ gives 
the first year of Antoninus as the 885th of Nabonassar = July 20, ad. 137, 
but the researches of Lebsius and Dblambre seem to have definitely settled 
the correct Epoch of Ptolemy’s Catalogue to be a d 138 

5 Bode, 111 his Beobachtung und Beschreihung der Gestirne, has investi¬ 
gated the question of the Epoch of Ptolemy’s Catalogue of Stars, and, on 


* Hist de VAsi May Aye, p 449 
t At-Strpi (SCHJBLLERlfP), p 37 

t Memmes de VAcademe des Sciences, Pans, 1766, p 466 
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the assumption that it was reduced from Hipparchus with an erroneous 
I recessional Constant, he assigned the year ad 63 as the more correct 
Epoch of the Longitudes m the Almagest 

After the period of Ptolemy a long gap of six centuries ensued, during 
which we have no record of Astronomical Observations at all, with the 
exception of a few unimportant ones hy Thius, of Athens, a d, 500 * 

Our knowledge of Arabian Astronomy, which began to- rise in the 
latter part of the 8th Century, is by no means so complete as it should be 
Several libraries in Europe are remarkably rich 111 Arabic and Persian MSS 
which are stdl untranslated In the year 1684, Dr Edward Bernard, the 
Savilian Professor at Oxford, wrote as follows, in a letter published in the 
Philosophical Transactions for that year*—f 

The Astronomy of the Orientals is interesting to us for many reasons. 
for the serenity of the regions where they observed ; the size and accuracy 
of their instruments, such as we can hardly credit; the multitude of 
observers and chroniclers, ten times greater than among the Greeks and 
Latins ; and for the number of princes who aided Astronomy wutli their 
protection and munificence One cannot describe adequately in a letter all 
that the Arabian Astronomers found to reform in Ptolemy, and their 
labours for that purpose: the pains they took to measure time by 

clepsydras of water, by immense sundials, and—what is more surprising_ 

by pendulum vibrations ; likewise the industry and exactness they displayed 
m conducting such delicate investigations ” 

In this communication Dr Bernard called attention to the richness of 
the University of Oxford in Arabic and Persian MSS on Astronomy 
and gave extracts from eleven Oriental Star Catalogues in that collection. 
From that time it does not appear that more than three of the works quoted 
have been translated to the improvement of oiir knowledge of Oriental 
Astronomy. 

6 . Albategnius, or Al-Battani, was the earliest Arabian Astronomer 
of eminence He observed from a d 877 to 918, and to him we owe the 
Saheian Tables, containing a Catalogue of Stars for the Epoch a n 879 A 

^ Tenny €ijcl ^ vol n p 532 
t Phil Trans , 1684, p 567 

J Merton. College is said to possess 40 MSS (not 400 MSS , as given by Montucla, Hist, 
des MatMm , rol 1 p 369) 
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second edition of his Tables gives the longitudes of stars for the Epoch A d 
911 * The book, De Scimtia Stellarum, of Al-Battani was translated by 
Regiomontanus, from an Arabic work entitled Zig Sabi (Sabeian fables), 

but it does not include the Catalogue of Stars 

8 Ali About Oassim made a Catalogue of Stars, but our knowledge 
of it is confined to Dr Bernard’s extract from the Oxford MSS , giving the 
places of 20 stars for the Epoch ad 938 I have been unable to separate 
the identity of this Astronomer from “ Ibn Al-Aalam,” who comes next 
but one in the Table. Ibn Tunis speaks of “ About Cassim ben Amadjour ” 
as an Astronomer who lived about his time, and who published some 
Astronomical Tablesand Casiri$ mentions a Geometer and Arith¬ 
metician of Antioch named “Abut-Cassbm Ati ben Ahmad,” who died 
AD 986. Possibly one of these may be the Astronomer quoted by the 

Savilian Professor 

There is considerable difficulty in identifymg Oriental nauies, which is 
much increased by the want of a uniform system of orthography in trans¬ 
lating them 

9 The splendid work of Professor Schjetterub, to which leferonce 
has already been made, makes us well acquamted with the Catalogue of 
Abd-At-Rahman AT-SfiEi § This book, entitled Description of the Fixed 
Stars, contains a Catalogue of Stars based upon Ptotemy, the longitudes 
of the Almagest being increased by a fixed quantity of x 2° 42', to bring 
them up to the Epoch a.d 964, but all the stars were carefully re-examined 
by the author, and the magnitudes determined with much greater precision 
ScHJETTERUP says. ** At-SUei has given us a description of the starry 
heavens superior to his model, which for nine centuries had been without 
rival, and that the equal of it is only to be found in the Uranometna 
Nova of Argetander |1 He remarks also that At-SOei gives us Ptotemy s 
Catalogue more perfect than we had ever possessed it before. 

In his own preface, Sciijetterup^ discusses and in a great measure dis- 

^ OAuysiN, Nohoes et JSxtfaits des MSS de Id Bihliothegue dii BiOi, voL vij. 

f S^DiLLOT, FrolegoTThenes des Tables Astronomigues d^Oloug Beg, 1847, p xlu» 

I Gasw, BibUotJieca Arah^co~B[^s^cma BSCUTlalensis, Yol 1 p 411 

§ A translation of AL-Strn’s Preface is given by Caxjssin m Notices et Bxtrads des MSS , 
vol xii In tlie same volume, at p 239, Oaussin states tbat Cazwini’s Booh on the Oon^ 
stellahons is merely an extract from Al-S()fi, 

II Bescnjghon des Bto%l 68 Fixes^ p 4 

f Ib%d.i p 25, 
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proves, from internal evidence in Al-SCtfi, the assertion that has been made 
so repeatedly, on the authority of Ptolemy, that Sirius formerly shone as 
a Red Star, whereas at the present day it is unquestionably free from any 
ruddy colour He does not think it probable that the old copies of the 
Almagest described Sirius as “ Red,” for in comparing AL-StFi’s designation 
of stars in his Catalogue with those given by Ptolemy, a perfect accordance 
is found, which must have originally existed between the oldest Arabic 
translations of the Almagest and the original Greek Moreover the ancient 
Red colour of Sinus becomes more than suspicious, inasmuch as we do not 
find in AL-StJFi, m speaking of Sirius, any Arabic translation of the word 
uiroxtppog, which is used in the later editions of Ptolemy 

Humboldt remarks * “Perhaps S]^idillot, or other philologists con¬ 
versant with Arabian and Persian Astronomy, may succeed in discovering in 
the intervals from El-Battani and El-Fergani to Abdurrahman SIjfi and 
Ebn Junes, and from Ebn Junis to Hassir Eddin and Ulugh Beigh, some 
evidence respecting the colour of Sirius at that time El-Fergani does not 
include Sirius in the Red Stars he mentions If Sirius had then ceased to be 
a Red Star it would seem strange that El Fbrgani, who follows Ptolemy 
throughout, should not have pointed out the change of colour in a star of 
such note ” 

ScHJELLERUP remarks that Al-Battani, who was well acquainted with 
all the Arabic translations of the Almagest, mentions only five Red Stars, 
whilst the Greek Almagest gives six. 

The following abstract of a passage in Le Gentil’s memoir, Rmiarques 
sur les Etoiles N^lmleuses,'’\ is interesting to us as bearing on the Catalogue 
under consideration Speaking of the discovery of the Nebula in 
Andromeda, by Simon Marius, Dec. 15, 1612, he says, “Bullialdus re¬ 
marks that M DE Tiiou brought from Holland a MS on a skin of parch¬ 
ment, containing a Catalogue of Fixed Stars, with figures of the Constellations 
A recent note written on the MS. remarked that to reduce the Catalogue to 
the time of Alphonsus it would be necessary to add 6° to the longitudes. 
The Nebula in Andromeda was marked in both the Catalogue and the 


^ Cosmos PhysicalJDescnjpUon of Heavens, ^ 113 
f MSmoires de VAcadSmie des Sciences, 1759, pp 456-459 



8 


Mr. Knobei, The Chronology of Star Catalogues 


figures The figures of tlie Constellations gave three lepresentations of 
Andromeda, the first a single figure of a woman, the second a figure of a 
woman with two fish attached to her girdle, and the third showing the woman 
with one fish on on e foot, and the other fish on the other Comparing the longi¬ 
tudes of stars in the Catalogue with the longitudes of those stars in his time, 
Buudialdus found that the Epoch of the Catalogue must have been 
about AD 995 or 985, whence it is easy to conclude that the Nebula in 
Andromeda, was seen long before Simon Marius Neither Bullialdus 
nor Le Gentil make any surmise as to the author of this Catalogue 

Now Ae-SCfi’s Catalogue is interesting as containing figures of the 
Constellations, and Schjelieeup calls especial attention to the fact that it 
mentions the Nehula m Ai-Sufi represents the Constellation 

Andromeda by three figures , the first a single figure of a woman, the second 
a woman with two fish attached to her girdle, and the third a woman with a 
fish across her feet—almost identical with the description by Bullialdus of 
the Holland MS. 

Le Gentil’s notice of the passage in Bullialdus seems to have escaped 
the attention of Schjbllerup, Sbdillot, and other Oriental scholars, hut 
there can be no doubt, first from the Catalogue containing the Nebula in 
Andromeda ; secondly the peculiar representations of the Constellation 
Andromeda^ and thirdly the Epoch of it—-the longitudes being about a d 
964—that M. de Thou’s MS was a copy (we are not told in what language) 
of Ai SfiFi 

10. Ibn Al-Aalam, mentioned by Casibi* under the name Ali ben 
Alhassan Abul Cassem Alida, vulgo Ebn Lalam,” was a renowned Astro¬ 
nomer, who constructed some Astronomical Tables, of which Sedillot says 
we possess only the Title f His Catalogue of Stars is, however, quoted by Dr 
Bernard from an Oxford MS , and given for the Epoch ad. 980 Ibn Al- 
Aalam determmed the amount of Precession with particular care, and stated 
it to be 51 "*4 annually, and he was much praised by his successor, Ibn Junis, 
for the exactness of lus observations, which he made with instruments of 
his own construction 

11 Ten Junis, one of the most celebrated Arabian Astronomers, 


* JBilhotJiecci ArahicoSTspma Uso'urLalensUy rol i p 411 
\ TroUgonems des Tahles Astvo%omiq%es d^Olowq Beg^ 1S47, P 
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constructed some Tables from original observations during the reign of the 
Caliph Hakem AD. 996 to 1021, hence caUed “The Hakemite Tables” 
hey contain a Catalogue of Stars which we gather from Dr Beknard were 
educed to the Epoch a d 996. In 1804 M Caussuv examined the Leydefl 
MS of IBX JuEis The Hakemite Tables consisted altogether of 81 chap^ 
ters of which only 22 are to be found in the Leyden MS. CaussIn trans¬ 
lated in extemo chapters 4, 5, and 6* which treat of “Eclipses” “Con¬ 
junctions of the Planets,” and “ Motions of the Plaiiets,” and gave’the titles 

f7 of the Nonces ct 
Nxtrai^ des MSS. de la BibhotUque dn Boi The remaining chapters of 

subsequently translated by S^dieeot, who submitted his 
MS. to Belambee to use in his Uistonj of Astronoviy, but I cannot ascertain 
whether Sedieiot’s translation was ever published The value attached to 
these Tables was proved by later Astionomers, IIassir PmDm and UnuGif 
EiGii having derived their Tables from them f Larlace also used them 111 

his discussion of the Obliquity of the Ecliptic and the greater Inequalities of 
Jugtzter and Saturn 

The date of the last observation m them is Nov. f a d rooy J 
13. Arzaciiel, we are told, was a Spanish Moor who lived a.d 1080, 
and was the author of the “ Toledo Tables ” (TaMce Toletauw). 

I have examined four MSS. of the 13th and 14th centuries, which purport 
to be copies of the Tabulce Toletance—thrca of them at the British 
Museum, and the remaining one in the Library of the Royal Astronomical 
ociey ^roln Delambre’s descripition, tliey agree with the two MSS. of 
those Tables which he examined 111 the Pans “ Bibliothique du Eoi.” 

.E 1 a Catalogue of 35 Stars (obviously reduced from Ptolemv, 

the latitudes being identical), giving Longitudes, Latitudes, Decimations, and 
Right Ascensions for the Epoch “Ann. Arabums;; = Anno Christi ri8i 
mens 4 die 5,” this date being given in all the MSS. 

* Notiaes et Bxlrmts des M. 88 , vol vu n ziS , 

Bfvtmnua, 9th ed , art “AstroaomV” d Zr siatemeM m the Eucyclopc^dia 

translated the whole of the Hakemite Table! ^ suppose that Cavssik 

t Sj^’dillot, Frolegommes, 1853 

of “py ^11 Tables is m existence. The chapters 

Tawi att h delicient, wore translated by S&mwi from an abstract of the 

Table attributed to IBH SoUAxm, who flourished nearly 500 years later and niav lL!.;? 
possibly he copied from his Damascus Tables. ^ ^ therefore 

Roy Asteon. Soc. Vod. XLIII 

c 
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If Aezachel be really the author qf these Tables, and lived A d 1080, 
it is very singular the Epoch of the Catalogue should he 100 yeais later. 
This fact alone would seem to throw some doubt on the authorship, though 
the MSS generally agree in adopting the title Canones Arzachehs M. 
L A SfiDiiior says,* “ Quant a Arzacuei,, on lui attrihue ci, tort les Tables 
Toledaiies ” He gives no authority for this statement, but the fact I have 
mentioned with regard to the Epoch supports his opinion. 

On the other hand, we have the Alfonsine Tables, constructed at Toledo, 
and containing Ptolemy’s Catalogue reduced to a d 1252, the longitudes of 
which are 2“ i' more than those of the Toledo Tables of Epoch 1181. 
This would give an annual Precession of 103", which is quite out of the 
question. But 111 investigating the Alfonsine Tables, I find the longitudes 
of the Almagest have been increased by a fixed annual Precessional Constant 
of 55"3jwliieh IS likewise the identical quantity employed by the Persian 
Astronomer Al-Suei m reducing Ptolemy’s Catalogue to his Epoch ad 
964. 

Adopting this Constant for Aezaciiep’s Catalogue, we arrive at the 
Epoch AD II21 for the longitudes given in the Tahutce Toletanoe, and 
the difference then of 2” i' between these longitudes and those of the 
Alfonsine Tables is exactly what it should be on this hypothesis ; ex gr, 


Aldebaran 

Jjong, Ptolemt, Long TahuloB 

)Bp 9 chL 13)1 Toletanoe 

p ^0! I® 27° 47^ 

Difference Long PTiOliEnq: and Tdb'ulm Toletance = 

Difference Long TalulcB Toletan^ aad Alfonsine Tables = 


Long, Alfonsine 
Tables, Epoch 1252 

29° 48' 

15° 7 ' - 5 S "3 = 984 
2° — 55'^ 3 = 13 1 


Difference Epoch. Ptoidemt, 137, and Alfonsipe Tables, 1252 

. Epoch Tahulce Tohtmce = J37 + 984 = ad 1121 


Thereforej from the examination of these MSS, we are led to the conclu¬ 
sion that the Epoch of Arzachel's Toledo Tables is Anno Arahum 514 = 
Anno Christi 1121, and, coiiseqoently, it is probable they were constructed 
by him, and farther, as far as this eyidence goes, SSdillot is m error 


f Maienaux pour semr VHisioire compdrm des So^enpes Maihematiques cliez les Ghees et 
les Onentam, Pans, 1S45, P 78 

f This Epooh MTonld seem to be that generally adopted for Ptolemy’s Catalogue up to the 
commencement of the present Gentnry 
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12 Beleialdus, at the end of his Astronorma Phlolaica^ gives a 
Oatalogue of the Longitudes and Latitudes of 25 Stars for the Epoch a d. 
1115, translated by a Greek physician named GEOEfeE Cheysococca, from 

some ersian Tables * The places are ftoiri Ptolemy, reduced to the Epoch 
given. ^ 

These Tables appear to have been anonyihous, for neither Ciieysococca, 
yoho Beahb, nor Bullialdus mention the author’s name, who was also 
unknown to Dblambee Sedillot gives f “Coxhb-Eddin ScniiiAzi” as »the 
anonymous Pjsian author of Cheysococca,” but does not mention his 
authority J There would seem to be some dohbt cto this point, for we find 
in U UeeBelot § a disciple of Nassie-Eddin named » CoTiiB-EnttGr MaiIMoud 
bCHiEAzr,” who wrote many books—among others, one onthQ AstroHontu of the 
Sphere-^-who died ab 131 r, or nearly 200 years after fchfe Epoch of Ciieyso- 
^ccA’s author. The British Museum possesses at least four Astronomical 
y Al SriiBAZx,” wbo died in the year 710 of the 

Plogira, A D 1311, SiibEbuene says II CHEtsddoccA lived about a d. 1240. 

14 NassiS-Eddin Al-Tusi began to build the Observatory at Meragha 
A.n. 1259. where he constructed the//Marne Tables, which were published 

of ^hich treats 

of the Fixed Stats, and gives a Catalogue of the Longitudes and Latitudes of 
certain Stats Dr. BBiwaed in the paper previously cited, gives a brief 
extract from the MSS. of Nassie-Eddix’s Tables at Oxford, reduced to the 
^ poch AD J233 The Observatory was built about A.D. i ^59, and the Tables 
were published in a.d. 1270; consequently, as the Observations were made 
etween those periods, it is difiicult to Understand how the Epoch of the 
Catalogue can be of a prior date, a d 1233 M Jouedaix’s Memoir on the 
Observatory at Meragha docs not throw any light on this point. 

IfTfu* Catalogue in his mdoire de VAshonovm Moy Aqe, hut two of tho 

If .40 St^" See, further on, note to Star 3. 4 boi,i HnLs.lts Catalogue 

t Frolegombnes das Tables Astronomiques d’Oloug Beg, Pans, i8S'3, P 289 

evf ^ a* Paris, fiom a MS in tho Bihholhhque du Boi, an 

extiact from the tables of CnEtsococci as a production of Persian astronomy Ho was far 
from suspecting that these Tables wore those of Ebii Jams, oonstruoted at Cairo in 1000, and 

Mel^Sschah ’> Xtm 

§ Bihhotliaque Oiientale, Pans, 1697, p. 788, 

II The Sphere ofMauiM Mamlms, with AmotaUnns, by B SflEBBtENE, London, 1675, p 32 
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17. Abe-Al-Jaxil Ax-SrjAzi made a Catalogue of Stars for the Epoch 
AD 1261, as ve know from Dr. Bernard’s extracts; but he does not appear 
to have been well known as an Astronomer, apd his works have remained 
untranslated 

18 Of Aborl Hiiassan, whose proper name is “ Aboex Hhassan Ali, 
of Morocco,” we possess a very valuable Treatue on the Astrononneal Instru¬ 
ments of the Arabs, which has been most ably translated by M J J, 
SkniLLOT This work contains three Catalogues of Stars possessing a good 
deal of interest 

The first is a Catalogue of tlie Longitudes and Latitudes of 240 Stars 
reduced to the Epoch of the beginning of the Hegira, July 15, A n 622 The 
second gives the Declinations of 180 Stars, and the third the Co-aseendants 
of 210 Stars, both for the Epoch ad 1282 Unfortunately the author gives 
us no idea how these Catalogues were made , moieover, there is considerable 
doubt as to the period when Aboul Hhassan published them Sbdixiot 
says * “If he did so m 1282, it is strange he makes no mention of the 
Alfonsme Tables, whiph appeared in 1252 He gives the obliquity of the 
Ecliptic as 33° 36' for the year 6,80 Hegira, a.d 1282, but in another passage 
he says positively that in his time the obliquity was only 23° 35 ' This 
difiPerence i' = 53 Ajrabic year^, would tell us tjiat he wrote about 627 Hegira 

= AD I 23 o”f 

SfiDiLLOT gives merely a translation of these Catalogues without note or 
comment, and says that he was unable to identify the stars by comparison 
with a modern atlas This work I have endeavoured to supply, and from 
careful examination and comparison of the Catalogues, have identified every 
star contained therein, 

The first Catalogue pf the Longitudes and Latitudes of 240 Stars con¬ 
tains all the stars in the other two. There is no doubt that the places have 
been simply reduced from Ptopemv to the Epoch of the beginning of the 
Hegira Delambbe, in speaking of it, remarks “ It has seemed to us too 
inexact to be reproduced, the most ordinary errors are more than one degree 
It contains some southern stars which aie not to be found in Ptolemy.” 

* TrmU des Instruments Asironomiq'fies des AraheSf Pans, 1834, p 13 

t A conTenieBt rule for pouTerting years of tte Hegira to tie Christian Ira., is to multiply 
the year of the Hegira hy o 970203 and add 622 54, tie result gives the year and fraction of 
the year Anno Domm (Old Style). 

J Jlidovre de VAstronoifiie^ Moy Age, p 187, 
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Neither of these statements can I confirm Every star I have identified m 
Ptolemy, cither m An-SfiEi, or Baily’s compiled edition in the 13th vol of 
tlie Memom of the Itoyal A<itrononncal Society 

This Catalogue contains several errors which are very interesting and 
instructive, as tending to throw light upon discrepancies and mistakes which 
have been discovered m ancient Catalogues I have therefore incorporated 
-10 Catalogue with this paper, appending to each star the common designa¬ 
tion of Bayer or Flamsteed, and subjoining notes of the errors I have 
cletectod 

It IS by no means improbable that one who wrote so valuable a treatise 
on Astronomical Instruments and Calculations, should have made original 
observations, and consequently it is possible the Catalogue of the Decima¬ 
tions of 180 Stars may have been consti acted from observations. In order 
to show the amount of accuracy it possesses, I have compared Abotjl IIiias- 

RAn’s Decimations of 36 Princqial Stars with the Greenwich 7-year Catalomie 
reduced to tlu' Epoch 1282 
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Star 

Dtclination 
Aboul IIhassan 

Deohiulioii 

Gi 7 yo<u C<il 

___ _ 

Ditfcioiu 0 

ft Leonis 

0 
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t 

40 
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34 

0 

+ 

6 
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+ 19 
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2 2 

y Leonis 
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21 
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‘5 

a Bootis 
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48 
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35 
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+ 77 
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As Aboul Hhassan’s second Catalogue is the earliest extonsivo Catalogue 
of Dechnations, so the third is the most ancient Catalogue of Right Aseiuisioiis, 
or Co-ascendants of Stars—the Right Ascensions being rookonod from the 
Solstitial Colure, the First Point of Capricornus. 

Nos 22 and 24 we know of only from the extracts given by Dr 1 >EU- 
NARD in the Phil Trans 1684 I have altogether failed in obtaining furl her 
knowledge of these Catalogues 

23 Gassendi gives, in a letter at the end of vol. 4 of his works, a Cata¬ 
logue of 47 Stars from the Arnaldin Codex for the Epoch 13O4 The 
latitudes are taken from Ptolemy. 

* Y^ie ITote to Star No 30, Aboul Hhassah’s Catalogue of 240 Stars 
t Ojpera Omma, Lagdani 1658, tom iv p S34> also in Ricaioh Ah! nmomiw Tlcjoimnlif, 
tom 1 p 216 
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25 ' UnjQ-ii Beigi}: vas the greatest of the Oriental Astronoraeris, and is 
therefore the best knovn to ns. Mis Catalogue of Stare was based upon that 
of Abd-Ai,-Rahma¥ An-S&ri (they both cqntain tbs same 1018 stars and one 
duplicate), but there is no doubt it was the result of new and original 
observations. 

UnuGH Bbigh remarks, in the Preface to hig Tables * “ We have re- 
observed all the stars already determined, with the exception of 27 which are 
not visible at the latitude of Samarcand—namely, the seven in Ara, eight in 
Navis (Mos. 36 to 41, 44 and 45), eleven in Ceniaurus (Nos. 27 to the end), 
and one (No. 10) m Lupw, and we have taken these 27 stars fr,oin the 
book of Abdeerahman Sotjit, bearing in ipind the diifej-ence pf Epoch of his 
Catalogue and ours, 

^ Besides these, there arc eight stars mentioned by Abdseraiiman Souei 
in his book, as being giveii by Ptoeemt, but which ABUKREAUMtAKr did not 
see, and which, m spite of all our researches, we have failed to discover. On 
this account we have not given these stars in the present Catalogue These 
stars of Ptolemt are the 14th of the Herdsman (4«fnya), the ijthot the 
Wolf, and the six external stars of the Southern Fish, 

We have given in our Catalogue the places of stars for the coinTn0nce» 
ment of the year 841 of the Hegira, so that for any future twe we can 
ascertain the places of any stars on the supposition thap they advance one 
degree in seventy solar years.” 

ULUGir Bejgii, hke Nassie Edwn and CoTnu-EDDiir ScinpAzr, adopted 
the Prccessional Constant as determined hy Ibn-Ae-Aaeam, viz. 51" 4, His 
1 ahles were based upon the Hakcmxte ’’jrahlos of Iim Juktis, and were ])ic- 
pared mainly hy his Astronomers, Aei Cusiii and Alt ijex Gaiat f 

'fhe question has been discussed whether TJeijoii Beiqii wrote his works 
in Turkish, Arabic, or Persian. Skci/xoT says “no mention has ever 
heen made of a copy of the Tables in Oriental Turkish. We possess two 
copies in Arabic which present no table dilTcreucos, and axe evidently the 
work of two translators unknown to each other. On the other hand, tine 
Persian MfeS, show a perfect accordance,”—which induces S^dieeot to believe 
they were written originally in that language.]: 

26. Cardinal Niciioeas, of Ciisa, was an original observer, and made a 
Catalogue of the Longitudes and Latitudes of Stars from his own ohservations, 

* L A. SdBiin.OT, r?£)Ze< 7 o»i«nos de« TaWes Pans, 1853, p 198, 

f S/iDiLiOT, J^fokijommeSy 1853, p 

Ihd , 1847, p QXXXYIU 
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Riccioi/i* gives an extract from this Catalogue reduced to the Epoch A d 
1440, 

27 Ala Eddin Ibx Shatir published a Catalogue of Stars for the 
Epoch AD. 1480, in his “Damascus Tables/’ vhich were derived from those 
of Ibn Juris 

29, MoiiAifMED BEN Abou-Bekre Al-Tizini IS knowu from Thomas 
Hyde having given a Catalogue of 300 Stars by him in his translation 
of Ulugh Beigh. A curious error has in consequence crept into the works 
of Humboldt and Arago. It is therein stated: “ Ulugh Beigii’s Catalogue 
contained at first only 1019 positions of stars reduced to the year ad 1437 
A later commentary furnishes 300 additional stars observed by Abu-Bekei 
Altizini in 1533 ” t 

This Catalogue is printed at the end of Hyde’s Commentary on Ulugh 
Beigh, and gives the Eight Ascensions and Decimations of 302 Stars for the 
Epoch 1534, all of which are to be found in Ulugh Beigh’s Catalogue of 
1019 Stars. Therefore it is certainly neither additional to, nor a commentary 
on UluGh Beigh The Right Ascensions arc reckoned from the First Point 
of Capncornvs, the Solstitial Colure, as We find in most of the ancient Cata¬ 
logues giving this Co-ordinate We have no information how the Catalogue 
was formed. To test its accuracy I have compared the DeclmatioiiB of 
so stars with the Greenwich 12-year Catalogue reduced to the Epoch 1534 


Star* 

Docl Illation 
Ai-Ti 5 ^ihi 
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* Astwnomice Ec/ortnafee, tom x p 217 Tho -work cited by RrcoiOLi ig, wo pre.stinic, the 
following one, montioned in the Catalogue of tlic Poulbova Library “CusA (oe) N , Oppta, 
2 vol fol (sine loco et anno')—Lihet anno ante) U» liaTjoidus est” Tko Butisb Museum 
contains the moie recent Basil edition of 1565 Ou wbich, see ApypnJij; 

f Tlus date is a mistake The Epoch given by Hyde is “ pio fine anm Hoguai purissmia' 
940,1 Ohr 1533” (f) Tho year 940 Hegira began July 23, A D 1533, and ended July 12, 
AD 1534, consequently the Epoch of the Catalogue is A D 1534 
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Attebst Akbeet, "who lived a.d 155^—Ifift no Catalogue of 
Stars, but gives a list of 221 stars "wliicli are to be found in the 28 Lunar 


Mansions He has given the following estimate of the 

apparent diameters of 

stars _ 


Biametei 

I st Magnitudo 

f 

2 ]ld 

6' 

3rd 

S' 

4tU 

4' 

Sth 

3' 

6th „ 

2' 

7th „ 

I' 


It IS curious he should have classified the visible stars into seven mag¬ 
nitudes, which was not suggested bj any preceding Astronomer 

33 "William the 4TH, Landgrave of -Hesse, was the founder of an 
Observatory, and constructed a Catalogue of Stars from original observations, 
of which we possess only a portion The Catalogue known as that of the 
Landgrave of Hesse consists of 368 stars, and was published by Flamsteed 
in the 3rd volume of the Historia Coslestis, and by Hbvelius m his Pro- 
domus Astronormce. But we learn’* that during the French occupation of 

^ II^sto^re de VAcadimey 1761, p. 130 

Eot. Asteou Soc. Vol XLIII. t> 
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Cassel, the Duke of Laval, at the request of the Abb6 de Lacaillb, searched 
the Library of the Palace, and made a copy of the MS observations of the 
Landgrave William which were deposited there Lacaillb, in his report on 
these MSS., says that most of the observations made by William thb 4x0 and 
his assistants, Christopher Rothmann, Astronomer, and Justus Bykgius, 
Mechanic, were devoted to making an exact Catalogue of the Principal Stars 
visible in his latitude He succeeded in determining the longitudes, lati¬ 
tudes, and magnitudes of more than 900 stars, all observed directly and 
by different methods The MSS were found to contain not only this Cata¬ 
logue, but likewise the observations themselves, with the details of his 
methods and the description of his instruments 

In the second volume of Tycho Brahe’s Historia Ca’kstls we have 
a Catalogue of 1,034 Stars, constructed from the Hessian observations and 
reduced to the Epoch 1594 This was made at a period when the Tychomc 
observations were interrupted, upon which Tyciio remarks • “ Eum hiatnm 
ut expleremus suffectas sunt Tichonicis observationes Hassiacm, et Catalogus 
fixarum ah Illustrissimo Guilielmo Hassiae Langravio piilcherrimo supra 
fidem ordine eruditis vigiliis opera Rothmanni Mathematici aut si mavis Iiisti 
(Justi) Burgii paratus atque digestus ” 

47 In 1632 Philip Lansberg published his Tahulce Motuum, Coslesttinti 
perpetucB, Middelburgi Zelandiae, 1632. At page 102 is given a Catalogue 
of the Longitudes, Latitudes, and Right Ascensions of 25 Stars, said to be 
detennined from his own observations, and reduced to the beginning of the 
Christian era, A d. i 

On comparing Lansbeeg’s latitudes of stars with the thri'o Catalogues 
of Ptolemy, Ulugh Beigh, and Tycho Brahe, they do not prove to be 
identical with either of them, but they approximate to Ptolemy more nearly 
than to the others Comparing the differences in longitude of 14 pairs of 
stars, nine are identical with or very closely appioximate to Tycho’s 
Laesbeeg assumes the Right Ascension of y Arwtis at the Epoch a u i to 
be o o', and longitude, Anes 4° 25', then, strangely enougli, he makes 
differences of the Right Ascensions of Stars equal to their differences of 
longitude 

The Catalogue is probably correctly stated to be onginal, though we 
have no information how it was constructed.* 

48. The Catalogue known as that of Jacob Bahtsch, consists of 136 
southern stars, reduced by a seaman named Pbtbr Thbodore, fioui the 
* Deumbee omits all notice of Lansbbeg m lus Eiiturij of Astnmnvj 
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observations of certain navigators made at various ports in the Southern 
Hemisphere. It is interesting to us as being the earliest Catalogue of 
Southern Stars, and also as having led to the formation of certain Southern 
Constellations now generally accepted The places are of course only roughly 
approximate, and the incorrectness of it was so great as to induce Epmund 
Haiiey to go out to St Helena and make the accurate Catalogue which 
bears his name, and which has been fully described by Mr Bailt in his 
edition of it 

6i. Father Noel’s Catalogue of 225 Southern Stars was made during 
the Jesuit College expedition to China and the Indies at the latter part of the 
r/th century It was in order of date, the third Catalogue of Southern 
Stars made, but the places are very inaccurate, 

The preceding Catalogue, No 60, was probably constructed by some 
members of the same expedition, 

71 Riccioli s (xeneral Catalogue’* of 1,450 Stars for the Epoch i/oi 
( ad annum Christi completum 1700 consists of stars arranged according 
to Constellations and subdivided into four classes. 

The Tst class contains iio stars observed by Eicciotr and Grimaldi, 
and includes the Pleiades observed by Tincentio Mutus and Michael 
Langrenus 

The 2nd class consists of 958 stars from the Rudolphino Tables 

Che 31'd class consists of 246 stars observed by IIipparciiiis and 
Ftolemt, but not by Eiccioli or Ttciio. 

The 4th class contains 136 stars in Southern Constellations observed 
only by certain navigators (Bartscii’s Catalogue). 

85 The Catalogue of Joaxxes Jacobus MAamoNiirs consists of the 
Eight Ascensions of 218 stars arranged in the form of Differences of R A by 
Transit from eight fundamental stars, with their observed altitudes above the 
horizon of Yienna. 
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* Ash onom%oe Meformaice, Bononieo, 1665, tom i. p 
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io8 Lacaille’s Catalogue of 515 Zodiacal Stars is a fragment of a 
larger Catalogue of 800 Stars which lie had intended making, but was pre¬ 
vented by death from carrying out The observations were made in 1760 
and 1761, and were reduced by M Bailly to the Epoch 1765 

355 Santini’s Zone Catalogue for 1840 consists of stars to the 9th 
magnitude, in zones of 2° between the parallels and -11° of Declina¬ 
tion The foUowmg are the numbers of stars in each zone — 
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The other Catalogues are briefly explamed in the notes appended to 
them 

The Table of Star Catalogues has eight columns — 

1 The number of the Catalogue in order of Epoch 

2 The name of the Catalogue, which in almost all cases is the name of 
the Astronomer who constructed it 

3 The date of publication (printed) 

4 The number of stars in the Catalogue 

5 Brief information as to the magnitudes or special peculiarities of the 

stars 

6 Particulars of the positions of stars and the co-ordinates given m 
each Catalogue, whether Longitudes, Latitudes, Right Ascensions, Declina¬ 
tions, or Special Zones 

7 The Epoch, which is the basis of the arrangement adopted 

8 Notes on the Catalogues, with references to the works in which they 
are to he found 

London, January 1876 
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11 . Micromeincal Measures of Double Stars. By GeokGtE Kkott, Esq. 


INTEODlTCrrON 

I HAVE the honour of presenting xo the Eoyal Astronomical Society a short 
series of micrometrical measures of Bonhle Stars, taken lietwecn the years 
i860 and 1873, at my former residence, Woodcroft, Ciichfield 

The Observatory, detached, at some little distance from the house, and 
commandmg a good horizon view, stood at an elevation aboie the sea level of 
about 370 feet, and in the approximate position, latitude 51“ o' 41'' north 
longitude 0'' o” 34" west. ’ 

The Equatoreal has an object-glass of 7-] inches clear aperture, and i loi 
inches focal length, by Messrs Alvan Cxaek & Sons, of Boston, U S.A , and 

IS a fine specimen of the makers’ slull. It was formeily in the possession of 
the Rey W. E, Dawes* 

The filar, or parallel wire, micrometer employed in the followino 
measuies was made for me by the late Mr Dollond It has a position circle 
of 3-| inches diameter, reading, by two verniers, to tenths of a degree, and the 
angle of position is taken by placing the two stars under observation centrally 
parallel between two thick wires, about if apart At right angles to the 
position wnes are the webs for distance mea&uies, of which two, one fine and 
the other coaise (the latter for measures of faint objects, but rarely used) 
are carried by each screw. The screwheads, divided to 100 parts, are of 
neaily two inches diametei, and are fitted with bolts, so that either web may 
be fixed as zero wire, while the other is used in making the measures There 
IS a battery of seven eye-pieces, with magnifying powers from 115 to 515, and 
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by the use of aix achromatic concave Barlow lens, the magnifying power may 
be increased in the propoition of about 2 25 to i Xlie miciometer is also 
fitted with a couienient slipping-piece The value of one revolution of the 
screw IS iS" 294.9, the Barlow lens 8'' 0765 

In reducing the observations, the arithmetical mean is taken as the mean 
for the night To each individual measure a numbei is assigned ^1—9) 
expressive of its estimated woith, and the sum of these numbers is taken as 
the weight of the set, which is thus a function of the number of observations 
and of the estimated value of each measure In forming the ‘ Mean Results 
(or mean of several nights’ measures), this number is introduced as the 
combination weight 

Being interested in the observation of Variable Stars, I found it con¬ 
venient to adopt Mr Pogson’s standaid scale, or Aegelandek’s scale 
extended to the low^er magnitudes by the adopted hght-ratio 2512 (^Monthly 
Notices, vol xvii p 15) The numbers expressing the magnitudes will be 
found, therefoie, to be generally between those of S on the one hand, and 
of H. and Sii on the other, the difference being more niaiked in the lower 
magnitudes Although, for convenience, the magnitudes are cxpiesscd 
decimally, they must not be regarded as making any pretensions to very close 
accuracy 


CUCKFIEXD 

Januavj ii, 1877 
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NOTES ON STARS IN THE CATALOGUE 


All)eolations emjphfjecl m the N'otes. 


Ee 

denotes Beunnow 

OS depletes 

Otto Struve 

Da 

}} 

Dawes 

Sb. 

Seabroke 

De 

a 

Dembowski 

Sir 

Smyth 

Gl 

j} 

Gledhill 

S 

SlEUVE. 

¥ 

5} 

Herschel I 

w & s 

Wilson & Seabroee 

H 

J5 

Herschel II 

W &Sm „ 

Wilson & Smith 

Kn 

5J 

Knoit 

P 

Position Angle 

M 

33 

Madlee 

D 

Distance 


Ifo II 2 196 Anetis P I 222 

In the Bedfoid Catalogue the magnitudes of A and D aie 111 teichanged, ■which led 
Professor C PiAZzi Smzth, observing with the Elchies Equatoieal (IIo?ttJd^ ITotices, yoI xxiii, 
p 11) to suspect vanation m the group Mj distance for AD as considorablj laigei than that 
given hy Sjm , b-nfc is confiimed by Dawes, who has (Monthlu Notices, xxiii 79) P = 361® 6, 
D = 182'^ 5. D is PiAzzi’s stai The othei three members of the gioup foini S 196 I ha\e 
retained Sm’s letters and quadrants 

No 22 OS 38 Audjomedee 

The angle of position would appear to he giaduallj decreasing We have for 
oomparison— 


1865 ^7 

P = 107 07 

D = 0 596 

Kn OB 4 mgkfs with 7^-inch refiactor 

65 68 

106 92 

0 604 

Da on I night with 8-inch refractor 

68 82 

loi 99 

0 69 

Be on 6 nights with ii|.iiich refractor, at Dunsink 
Observatoiy, Dublin 

72 03 

87 7 


Sb on I Bight with Si-mch refiaotor, Rugby 

72 67 

10134 

0 6 est 

Kn on I night with 7^-inch refractor 

1-1 

CO 

cO 

!>. 

959 

0 5 est 

W & S on I night with 8|-mch lefractor, Rugby 

73 94 

92 9 

0 46 est 

Gl on I Bight with 9^-inch refractor, at Mr Crossley’s 
Observatory, Halifax 

74 93 

987 

0 56 est 

Gl on I night with 9|-inch refractor 
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No 36 ( Peisei 

I. tl. B.d£«rd 0 .d>l.g»e,SM m.tes B 

.I.J m * 1™/' t,” m,s™t.a. - .7 A, .le 

small star added VH (jnd Sene'?, ISTo 337 ). P - 28 ° -I- 5> o 

star IS latber famt, my distance is probably too large 

No 44 40 N? ulaiu 0 ® 

. £0, £« U..0 p.«p» ; tt,*: ZlZl CtZj, 

13 itself double and a binaiy systoin, discoTOied by # 7 3 

measures ioi coaipan&oii 


178313 p=32S 70 

182512 2877 

185094 1:602 

185106 159 9^ 

1851 50 160 2 

X 864 S 1476 

1871 99 :'35 — 


, on I mgbt 

S on I mgbt with 9 6-incb Dorpat refractoi 
OS oil 2 nights with 15-inch Pnlkowa rcfractoi, 
T)a on I night with 6;}-iiich rcfiactoi 
03 on 2 nights with 15 inch rof 1 actor 
; WlHNECKE 

; Gst Km on i night with 7\-mc\i refiactoi 


. £0.1.1 c .......»35 ho";: 

x- - »■- - —- “■ 

approximations only 

No 45 U Tail)!. 

. 1 S' tlio north of thoTaiiablo star T Tirol, 

'•piiiq d ir whichis abont a cinartor of a degree to tno noinn u ,1.1 

this sUi, w irruvE’s now nobnla (Aali Naoh , 1(389) was jndgod to bo 

HiMhs yaiiablo nobnla, ai^ O &ri.uvE S now non f 

wariablc by Mi JoSEPn Baxindele, , .^.tervils conimoncing with NoYCiubcr 

accoidingly I have examined the stai Hrmnii<“ however, to bo 

30, X863, bat liaye failed to notice any ceitaiii J ^ j to ilml 

observing with a rathci higher power than nsnal on ^ ^1,,, 

Professor ScmiMEELD and Di ^ ,8 6, I fonnd the eomponcuts 

pair 4 ", and iho angle of position 190 On Beccmooi , 
equal in magnitude and sensibly nnohanged 

No 50 It Oucnii 

Alto.gk ft. ™..» .1 a« *»“ a..M. .t» ». not 

X L .X 1.1. »y lo..d.a ..d.qtt.on .£ dW »«= .I- Hov 

Dawes ou January 15? 1S48 
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No 55 OiiQjiis 

Discoveied by mo to be double on Pebinaiy 21, 1863 It was measmed by Dvu i w 011 two 
niglats 'witli the following results — 

1863 86 P = 324°oo D = 2''756 
No 60 3 MonoLootis 

This and the two following stais, 4 Mo)woG}oti^ and LiimE 12936, woio discovciod to 
be donble by Ml & W BuRraor, of Chicago, USA, with a 6-incli Alvan" Glark: rofiaiior, 
and foim Nos 16, 17, and 19 of his Catalogue of 81 Doiiblo Stais ” piintcd in tho Mon/hli/ 
Notices of the Hoi/ctl j^sti ouoniLcctl Socieiijj "vol "siaaiii p 351 

No 68 Neb y IV 45 

Thiough some mistake, both TI and Sm idaco tlic 7 5 inagintiido iclalivoly to ilio Nob 
in the instead of the n f quadiani Thcic seems to bo no giomid foi^ siispoctiiify any 
inoyemcnt 


No 106 'RGratoiis 

A hiio led star m tho field with a Gialeri% dibcovcicd to bo variahlo bj Wii^nkukr in 1861, 
and independently by BAWimw. m 1866 Jt is one of tlio lod stais in Sir John irimsoiiMi/s 
Catalogue, on page 44S of tlio Capo Obsoivaiions, where Iio dcscuhos it as ‘‘scailet, almost 
Mood coloiii ” In the Bedfoid Catalogue, under a Qiafm is, Sm gives tlu‘ following desciipiioii 
and measmes, A being a Gi ate} is, B the vanaMc R Gi aims, and C its Who noigliboui 

A oiaiigo tint, B 8, inieiiso blood colour, C 9, pale blac ” 

Position A B, 97<^ o (lu 2) Diffoienoc jR = 42” 1 1 

. B C, 268-2 0.3) ,, == J ^^35 33 

No it8 fjcoins 

Ill bis ‘ Second Soucs of Observations of Doable Stais ” (irem BAS, vcl xvxii ), Mr 
E B Powell, of Madras, gives tbo following rae.n&ni-c.s of tlio stai lettciod B by mo 
P = 206 5, D = 2S2" 6, Ep 1861 16,” and in Ins notes lias llic'so lomaikh — 

“ Adronal Sin’i’u assigns the cmnas a position angle of 114° and a distance of 298", and 
states that tbo stai is piccodod by a 7th magnitude stai m tlic 11 p ctoadiaiit Tho comes, 
bowevei, is in tho s p qnadiant, and the 7th magnitndo stai is in tbo same qnadiant beyond 
the comes, BO being by a vciy lough estimation about 3AB, and the position of C compared 
With A being 201° 5 ” 

Mr Powell is peihaps right m leguid to Sm’ s 8 inag companion, hut it is worthy of 
note that the P and D of the small star B agxco pretty closely with those assigned by Sm to 
his comes 



8 o 


Mr Geoege Knott, Micrometrical Measures of Douhle Stars 

Tlae mao-mtudes o£ the various stars m the gioup vrero carefully determined hy me on 
several evenings by the method of limiting apertuies, and the means of these determinations 
are the magnitudes assigned to the several stais m my “Mean Results ” , ,, , 

On June 15, 1868, I swept over the field, and found it apparently unchanged I added a 

star 10^ mag s f 0, at about a distancG front it 

Ko 145 6i Ynginis 

A star with a considerable proper motion, causing a change m the quadiant and a laigo 
increase in the distance of the comes since the date of its discovery hy ^ 

o " 

17830 P = 345 ± D = 73 25 9 

1862 29 22 6s 169 286 Kn on I night 

There would appear to be an erioi in the quadrant in the Bedford Catalogue Starting 
from ^’s epoch, aud applying proper motion, the angle of position at Sm’s epoch would ho 

about 14° or 15° 

No 176 II Sco'i2'>^^> 

Discovered by Mr S W Bueniiam, of Chicago, USA It is No 39 of his “ Catalogue 
of 81 Douhle Stars ” in the Monthly Notioei B AS ,^dl vxxiii p 351 

No 205 OS 328 68 Uerculu, 

A charming douhle stai, pointed out to me hy Mr BtiOKiNGiUM in Juno 1868 It is 
No 328 of the Pulkowa Catalogue The deep blue tint of the small star is very lemaihahlo 
We have tbe following measures for compauson — 

o // 

185171 P = 6o9 D = 3 83 M 

186738 6110 4180 De on 4 nights 

186847 6246 4 3’'2 Kn on 2 nights 

No 207. S 2190 P XVII 163 

This IS one ol the stais in a list of “ Queries relative to Double Stars,” by Sir J P W 
Heesoubl, printed m the Monthly Noiicos for November 1871, the words of the query being, 

‘ The measures of this star are very oonfiicting S (1829) malms position 33° 22 , H (1830), 
by a sweep, 18° 4 (plainly written in original, and diagram agreeing) , Madlek (1843), 33° 67 , 
and Dbmbowsei (1863), 23° 00 Which is right ^ ” My angle of position agrees closely with 
Dembowski’s 

No 229 J/yxB 91 B. B A.C 6468 

A chaiming miniature of (i Oygni A, with a close compamon ovoilooked by me, foims 
OS 525, and is thus measured by Dembowski P = 132° 80, D = i" 360, Epoch 1869 77. 01 

the wide pan Demiowsei has the foTowing n'easnies — 

1869 77 P = 350° 35 D = 45" 430 De on 2 nights 
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N'o 230 22472 2473 Ly^ceF XIX 13 

additfonT T. Sm, aBd made qnmtuplo by tbe 

iT, +T, 4 / minute stai between the pans, to which attention was called by Mi WE Jones 

the Jstronoimoal Eegzste^ foi July 1866, but which bad been obsei vcd 1/1862 by a o-cntle- 
^-who signs himself “Observer,” in a lettei to tho Ast„oal Eeyz.t. for Lpromber 

N'o 23s 2 2545 I 13 

There has been some confusion in regaid to the identihcation of ’s stai, but this has 

Ste (Mem R^Sjol ^xxv) y’s description of liisl 13, as “the laststai of a telescopic 
him T’ ^ leaves no doubt as to the stai obscivedL 

Pmzis No 186 IS the^si, not the lasf, stai of the tnfolium The NPD m Dawes’s 
Catalogue is too gicat Tby io° 

!N"o 253 T Ca]))iLonu 

A i«,t donbl, ato ducOTored bj M. S W B.iwhab oi A„g„t 8, ,8,i, a 6 .act 
flZ ‘’“7 «» »f l'“ “C..t.l<,8n« ot S. Boublo Sto.," 

H A S ,YO\ XSXlll p 35X ' 


^0 287 y Etjiiulei 

Ancat double stai discoverod by mo on July 9,1867 A second umc, “ exccsivoly faint ” 
IS added by Mi Bufimmi, P = 10°, D = 25", both estimated ^ 

IS^o 290 0 Etjualei 

angle of position, and incicase in the distance of the companion, since the oaiher epochs 
0 2 finds A to be a very close donble star I failed to elongate it on July 9, 1867, althoLh I 
tried various powers under favourable atmosphciic ciicumstancos ^ 

1^0 301 O S 489 TT GepJiei 

A tioublesome star to measure, but seems to be a binaiy system 


1843 77 I 
1865 71 
1867 12 
187381 
1874 84 

1S74 91 

Roy. Asteon Soc Vol XLIII 


0 

n 

330 0 

D = I 8 

591 

1 153 

1476 

I 267 

21 4 

I 38 

193 

I 26 

19 8 

I 24 


Sm on I mglifc 
Kn on 2 nights 
De on 5 nights 
Sb on I night 
W &Sm on I night 
G-l on 2 nights 


M 
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IV. Theory of the Horizontal Photohelioyraph, mduding zts application to the 
determination of the Solar Parallax by means of Transits of Venus By 
Prof ViiMAM Hiekmss, U. S. Favy. 

(Oom'mimicatecl hy the Astronome'i Boijal ) 

- f - 

The term “ Flonzoutal PhotoTeliograph ” is used to designate that form of 
photoheliograph which, it is beheYed, -was first employed by the late Prof 
Joseph WurLOCK; and which consists essentially of a fixed telescope whose 
optical axis is accurately horizontal and in the meridian, and whose objective 
IS directed toward the same side of the zenith as the elevated pole, the Sun’s 
rays being reflected into the telescope by a suitable hcliostat The sensitive 
plate for the reception of the photographic image is, of course, situated at 
the chemical focus of the telescope, the plane of the plate being perpendicular 
to, and its centre coinciding with, the opotical axis of the telescope. 

The details of the construction of the horizontal photohehograph, in so 



far as they are necessary for a proper tinderstaiidiiig of the theory of the 
instrument, are shown in Fig. i A is the heliostat mirror, consisting of a 
piece of highly polished, but unsilvered, glass, whose two surfaces make an 
angle of about sixty minutes with each other. The front surface is worked 
as^ truly plane as possible, and selves to reflect the solar rays through the 
objective to the photographic plate. In working the back suifacc, no 
Eoyal Astroh. Soc Vox. XLIII. „ 
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paiticular pains are taken, and, on account of its inclination to tlie liont 
surface, any liglit reflected from it is tlirown entiiely away from the plioto- 
grapliic plate B is the objective, which is coriected for the chemical, and not 
for the visual, raj s The distance between the objective and mirror is made 
as small as possible, consistently with keeping the latter clear of the shadow 
of the foimer ID is theieticule, the consti action and use of which will be 
explained pieseiitly C is the photographic plate, the sensitive surface of 
which faces the objective The rays fiom the Sun, S, are reflected by the 
mirror A, thiough the objective B, and after traversing the reticule D they 
form an image upon the photographic plate C 

The leticule consists of a system of squares, ioimed by the intersection 
of two systems of very fine straight lines, Avliich arc 
diawii upon one side, and respectively parallel to the 
edges, of a tluu square plate of plaiio-parallcl glass, 
as shovnin Fig 2 In each of these linear systems 
the numbei of lines is odd, and the middle hue is 
drawn through the centre of the plate This leticulo 
is fixed at D, Fig i, ivith its ruled surface toward, 
parallel to, and two or throe millimeters distnut 
from, the sensitive surface of the plate 0 Moreover, 
one of the two systems of lines is set as nearly as possible vcitical, and 
its inclination is accurately determined , and to lendci assniance doubly 
suie, a plumb lino, consisting of a silver ivire about 005 of a niillimoter 111 
diametei is suspended between the leticulc and the pliotogiapluo jilate, in 
such a position that it may hang ficcly, and at the same time be very ncaily 
in the vertical plane passing through the centres of the leticiile and objective 
As the light from the objective tiavcrses the rcticnlc bcfoio it reaches the 
photoginpluc plate, the shadow, botli of the reticule and of the pluinb-lmo, 
is unpicssed upon evciy pictuie taken Avith the appaiatus, and thus tlu’ce 
different ends aie gained Fiibt, by comparing the sqiiaics of the reticule 
with the corresponding ones upon the pictuic, everything relating to tlu' 
shrinkage of the collodion can be dcteriuuicd, secondly, the impression of the 
plumb hue, and also that of the lortical lines, furnishes upon each jiictuu' 
a fixed diiectioii fioiii wduch to measure angles of position, and thirdly, 
the intersection of the middle vertical with the middle horizontal line 
furnishes a fixed point, which will hercaftei be designated as the centre of 
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tlie plato To determine the zenith distance and azimuth of this point, it is 
iiecessfii y to meastn e tlic zenith distance and azimuth of the coiiespondiiig 
point of the reticule, as seen from the second piincipal point of the objective. 
For that ijurpose the mirror A, Fig r, is temporarily lemovcd, and a transit 
instiLiiucnt is set up in front of the objective B, and 111 the piolongation of 
its axis The obj'ectne thus becomes a collimator to the transit iiistrument, 
thiongh the eyepiece of which the lines of the reticule may be observed as if 
they were at an infinite distance It slionld be lemarked, however, that, as 
the reticule is slightly inside the visual focus of the objective, it is not generally 
possible to obtain perfectly distinct vision of its lines and of the vires of the 
tiansit at the same time dliis difficulty is obviated by marking the inter¬ 
section of the middle vortical and middle horizontal lines of the reticule in 
such a distinct manner that the slight maladjustment of focus does not 
prevent it fiom being seen Then, by means of the transit, the reticule is 
adjusted so that ihe point in cpiestion is very approximately in the nienclian, 
and at a zenith distance of ninety degrees Finally, the exact azimuth and 
zenith distance of the point are measured 

If the photohehograph is employed to take a picture of any object whose 
linear magnitude is such that it subtends an angle a at the first piincipal 
point of the objective, and if the centie of the image coincides with the centre 
of the ])latc upon which it is taken, then, no mattoi what may he the solar 
focal distance of the objective, the magnitude of the image will he 

2 iaa i a (D + E"—T), (i) 

where 1) is the distance between the back sinlaco of the objeclivc and the 
sensitive surface of the photogiaphic plate, E" the distance from the back 
surface of the objective to its second principal point, and T a coirectioii due 
to the tlnclncss of the 1 cticnlc plate. It is thus evident that in all calculations 
involving measurements of pictures taken with this apjmiatns, the value to 
he employed as the focal distance of the objective is 

D-|-E"-T (2) 

D IS obtained by direct measurement, the accuracy of which must bo 
such that the uncertainty of the resulting value will not exceed one pait in 
ten thousand, and it is desirable that it should not exceed one part in forty 
thousand 
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To obtain E", we put 


n = refractive index of ci own-glass lens, 
n’ = lefractive index of flint-glass lens, 
ne = thickness of crown-glass lens, 

= thickness of flint-glass lens, 

s = space between the interior surfaces of the ciowii and flint lenses, measured along 
the optical axis, 

i) f = ladius of first surface of ciown lens This is the surface nearest the holiostat, 
(n^ i) f' = radius of second suifaco of crown lens, 

= ladius of first surface of fimt lens, 

(w,' — i) /i'^= radius of second surface of flint lens, 

(j)° = focal distance of ci own lens, 

(j)' = focal distance of flint lens, 

Then, from the “ Dioptrische Untcrsuclmngen ” given m Gtauss’ Werke^ vol. v., 
pp 262-265, we <ienve the formulse 


ff" 

r+r'-e 


(//=: 


f"f" 


( 3 ) 


and if the objective is an ordinary double achromatic, concctcd either for 
the visual or chemical rays, 


B": 

but if it is a single lens, then 




E": 


e<l>° 

'' J'‘ 


(0 


( 5 ) 


To find the value of the correction T, let abed, 
Fig 3, be a section of the reticule plate, and let (f be 
a ray of light mcident upon it in the plane of the 
paper. If this ray suffered no refraction it would 
emerge from the plate at g; but, owing to refraction, 
it actually does emerge at h, after which its path is 
parallel to ef produced At h erect a perpendicular 
to he It will be intersected at i by ef produced, and 
the distance hi wdl be the required value of T. Let t 
be the thickness of the glass composing the reticule 
plate; n its index of refraction, and i the angle of incidence of the ray ef. 
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1 _ COS % 


, ^ can^t exceed half a degree, its cosine will be very nearly unity, and 

it will be sufSciently accurate to write 

T = ^ilhzl). 


If we assume the reticule plate to be of crown glass, and its refractive index 

0 e I 53 t len T - o 347 1 , and it is evident that, in order to make T small, 
t le reticule plate should be as thin as possible 

From the experience thus far had with the horizontal photoheliograph, 
appeals that if the focal distance of the objective is F, its clear apertLe 
lould be 00100 F The clear aperture of the heliostat mirror, which is 
circular in form, should be o 0142 F The plates upon which the pictures are 
taken should be square, and of such a size that their sides, as seen from the 
centre of the objective, may subtend an angle of about sixty minutes. This 
should also be the size of the reticule plate, and the distance between any 
two consecutive lines of the reticule should subtend an angle of about four 
minutes Throughout the icmamder of this paper it will be assumed that 
these are the proportions of the apparatus The actual focal distance of the 

objectives of the instruments heretofore constructed has generally been about 
twelve meters 

To avoid repetition, the notation which will be employed throughout 
the remainder of this paper is here given Let PA, Fig 4, be the meridian 
of the place of observation, P being the pole, and Z the zenith. Let S 
be tim position of the Sun as seen from the centre of the Earth, and S* its 
position as seen from the place of observation Hereafter, to avoid circum¬ 
locution, S will be designated as the true, and S* as the apparent, Sun Let 
V be the vertex of the apparent Sun, and V the position of Venus as seen 
from the centre of the Earth Also, let M be the point where the normal 
to the heliostat mirror pierces the heavens, and Y', S', S 4 , and v' the 
positions of the reflected images of Venus, the true Sun, the apparent ’sun, 
and the vertex of the apparent Sun as seen from the second principal 
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A„ = poki distance of Venus = PV, 

A/ = polai distance of tlie leflected imago of tlie true Sun = PS^, 

A/ = polai distance of tlie reflected image of Venus = PV', 

4 = liour-angle of the true Sun = APS , 

4 = liour-angle of Venus = APV, 

4' = liour-angle of the reflected imago of tlio true Sun = APS', 

4' == liour-angle of tlio reflected image of Vemis = APV', 

4 =z= zemtli distance of the true Sun = ZS, 

= zenitL. distance of tlio icflected image of the true Sun = ZS', 

(P = zonitli distance of the refleoted image of tlie apparent Sun = ZS4, 

CJ = zciiitli distance of tlio loflocted imago of Venus == ZY' 

Ag = azimuth of the tiuo Sun = AZS , 

A^' = azimuth of the reflected imago of the tiue Sun = AZS', 

A," == azimuth of the lofloctcd imago of the apparent Sun = AZS4, 

Ay = azimuth of the icflected imago of Venus =: AZV', 

0 =z= the angle ZS^^ S', 

) = the 1 cfi action, 

tt' = tlio parallax: in altitude ironco, ^ —-tt' = SS^^: == S'S4 , 
ft = tlio angle ZS'V', 

7 = the angle ZV'S', 

\ = the angle PS'V', 

(i = distance fiom the contio of the Sun to the centre of Veuns = S'V' = SV, 
ix> = position angle of Venus relatively to the conko of the Sun = PSV 
O' = the angle PVS , 

X = the angle PSS', 

= the angle PS'S 

Wo have next to show how l^ictures obtained Avith the horizontal plioti^- 
hehograph may be measured, and the results expressed in terms ol' Bonn- 
one of the systems of spliencal coordinates usually employed in astronomy 
Upon an engmo arranged to give polar coordinates, the plate tobcmcasiuvd 
18 carefully adjusted, so that the centre of the image of the Sun coincides as 
accurately as possible with the origin of coordinates The fixed line, from 
which the angles ol the coordinates arc to be measured, is taken perpendicular 
to the image of the plumb-line , the zero being toward that edge of the iilate 
which was on the right hand, as viewed from the object-glass, wlicn Ibc 
picture was taken, and (the collodion side of the plate being nearest 1,hc 
0 server) a motion of the radius vector in the opposite direction to that of 
the hands of a watch corresponding to increasing angles. Then the distance 
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from the origin of coordinates to the Sun’s limb is measured at every thirty 
degrees, throughout the whole circumference , and the distances and angles 
to the centre of Venus^ and to the centre of the plate, are also measured. 

Owing to the effect of refraction, the outline of the Sun’s image will not 
he circular, hut may, ivith sufficient accuracy, be assumed to he an ellip.sc 
whose minor axis coincides with the vertical circle passing through the Sun’s 
centre To find the position of the image of this vertical circle upon the 
photographic plate, we refer to Fig 4, and remark that, owing to the equality 
of the angles of incidence and reflection, Sj,M = S^M, uM = i/M, and the 
angle S,j.My is equal to the angle Hence and 

= ZS^Sj.+ZS^S^ But ZS^ IS the direction of 
the plumb-line upon the plate, and is the semi-minor axis of the elliptical 
image of the Sun To find the value of the angle ZS^t/ we require the 
zenith distance and azimuth of the true Sun, which are given by the 
formulas (8) , the necessary data being the exact instant at which the piel.urc 
was taken, the right ascension and polar distance of the Sun, and tlic latitude 
of the place of observation We have 


tan M = 


cot 

cos ’ 


tan Ag=: 


tan 4 cos M 
sm (f/> — M) ’ 


tan 4 


tan ((/>—M) 
cos Aj 


( 8 ) 


The zenith distance, ?/', and azimuth. A/', of the reflected image of the 
apparent Sun are found by methods explained in a subsequent jiart of this 
paper Then, in the spherical triangle ZS^S^, the angle Sj[ZS^ is ('qual to 
) ZS^ = ^/', and ZS^ = ~ r-l-?r', where r and tt' are the refraction 

and parallax in altitude Whence, putting the angle ZS>' = 180“ -1), 


cot - 0 = 
2 


cos - (4"-4 + »-’r') 
C03|(4"-t-4-?-hT') 


cot - (A.~A") 


(9) 


Thus the angle upon the photographic plate, between the fixed hue of 
reference and the major axis of the image of the apparent Sun, will be 0 ; 
and if R and s are the polar coordinates of any point of the limb of this 
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image, its rectangular coordinates, referred to its axes and approximate 
centre, will be 


2/' = E sm (€+0), 
= E cos 


(10) 


in which the upper signs are to he taken when the Sun is west, and the lower 
when it IS east, of the meridian 

Owing to atmospheric distui bailees, the image of the Sun’s limb will 
generally be more or less irregular, and, no matter how carefully it may be 
centred on the measuring engine, the point from which the measures are 
made will seldom coincide quite accurately with the centre of the imao-e. 
On this account, to obtain the coordinates of any point of the limb referred 
rigorously to the centre and axes, the equations (10) must be corrected by 
the small quantities hj and Ir, and thus we get 


2/ = E sin (£H-0) + oy, 
^ “ E cos -f- OiK 


(II) 


ihc image of the Sun’s limb being taken as an ellipse, its equation 
will be 


where A and B arc respectively the horizontal and vertical semi-diameters of 
the Sun, affected by refraction and parallax Putting = nA?, substitutino- 
this value in equation (12), and dividing by A=*, we get ° 

0=—nA?+ip+n^'^ 

Finally, substituting the values of y and a; from the equations (11), neo-lectmo- 
the squares of oy and Zx, and reducing, we obtain ° ^ 


'+i E [sm2 cos* (e+e)] 

+sm(£4:0)o> 

Ul 

'' +«COs(£+0)& 

Each measuicment of the Sun’s limb, made upon the photograph, o-ives 
one equation of the form (14), and from all the equations thus obtained the 
values of A, 3 y, and Zx are found by the method of least squares 
Eoyal Astron Soc. Yol XLIII. 
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Tlie contraction of tlic Sun’.s voitical ,s('nu-('liaiuetc'r on account of 
refraction will be where ?■' and r" arc respectively tiie refraction of 

the lower and upper limbs The contraction of the horizontal senu-diaiiK'tiT 
on account of refraction, foi all zenith distances loss than 85“, may la' taken 
as constant and equal to 0^25 lienee, if ,s‘ represents the Sun’s seini- 
diameter, we have 


n = 



("i) 


which IS the value to be employed in oipialion (iq). 

As changes of refraction are not strictly proportional to changes of 
zenith distance, the centre of the Sun’s image ivill not coincide rigorously 
with the image of the Sun’s centre Let the distance between thos(> two 
points be h\ and let be the refraction of the Sun’s centre, and r being 
respectively the refraction of his upper and lower limbs, as before. Then 

P, (iC.) 

and the coordinates of the image of the Sun’s centre arc hj t Sr and <?,r 
These rectangular coordinates arc transformed into polar coordinates of our 
original system by means of the formulic 

cy f m 

Sin 7; = -‘ , 

07 ) 

coa 7/ = -y 

£ = r/±;0, 


where the double sign is to be taken m the same way as in the 
equations (10) 

The polar coordinates of the image of the centre of the apparent Sun 
have thus been found; and our original measurements gave the polar 
coordinates of the centres of the image of the apparent Vmu.% and of the 
photographic plate. Let R, R', R" be respectively the radii vectores, and 
e, s', s" the angles, of these coordinates. Passing now to a system of 
rectangular coordmatos, whose origin is at the centre of the plate, and 
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whose axis of X is parallel to the fixed line of the original system of polar 
coordinates, we get for the image of the centre of the apparent Sun 


2 / = R sin £ — R" sm e.", 

« = Rcos£-R''cos£", 

and for the nnage of the centre of the apparent Venus 

2/' = E,' sm e'—B,'' sin c", 

iJ z=z cos i !—cos ^^9^ 

Let It be assumed that, when the picture was taken, and A, were the 
zemth distance and azimuth of the centre of the plate, as seen from the 

second pnncipalpoint ofthe objective, and that F was the reduced distance 

wtiX"^ sensitive surface of the plate, or, in other 

J? = D + E"-T, (3^) 

as given by equation (2). Further, let the angles subtended at the second 
principal point ol the objective by the coordinates y, a?, of the equations 
(x8) and (19) be respectively S?,, SA„ SA, Then, as the plate was 

perpendicular to, and its centre coincided with, the optical axis of the 
objective, 


tan 34. 


tan c)A. 


^ B sin £ —B^'' sin 
= ^ 

B cos £ —B'^ cos e'* 


tan SC = g'. y «'-R^' sm a" 


tan dA„ 


B' COR t'—B'' cos e'^ 


Denoting by A ", t;j', A/', the apparent zenith distances and azimuths 
of the reflected images of the Sun and Venus, as seen from the second 
principal point of the objective, we now have 

a' = c 

a;'=a„+?a„ 

C'' = c-K, 

A"=A„+gA 

The next step will be to free these zenith distances and azimuths from 
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the effects of lefraction and parallax For that purpose, consider the spluu’icnl 
triangle ZS'S', Fig 4, but instead of Inmtnig the ])oiutH S, S#, S', S^to the 
Sun, let thorn represent any licavenly ])ody Avhatsoc'vi'r Then ZS'--§', 


zs' = r, s's; 


ss, = r 


tt', S'ZS;= and ZS;S'= ^ 3 , the value 


of wbreh IS given by equation (9) The i-elations subsisting among llu'si* 
parts arc 

tan )n = fan (> — tt') coa 0, 

/ /A// A/\ cos (r- ttO (4" —-jh) 

cos m 

bin 4 ' sin = sm (1 —tt') nin 0 




To simplify tlicse e<[uations we remark tliat, (r—w') will rarely amount 
to 5', and as cosine 0 must always In* less than unity, we may write with all 
needful accuracy 

= (j— tt') COH 0 , (-^l) 


will never differ from 90° by so much as 30', and therefore its sim* may he 
taken as unity; while, as (A"~A') can scarcely amount to 5', and will usually 
be far less, wo may write unity for its cosine, and substitute the arc for its 
sme Wc thus find 

y — cos 0, 

A' = A" T 0 —’>‘0 sia tt 

As these equations are perfectly general, we have only to Hulwtitnte in 
them, for and A", the apjiarcnt Eonith distances and aximuths of tlu* 
images of the Hun and Fcjnw, given hythc equations (22), and we thus obtain 
the true zenith distances and azimuths of the images of these bodies, which 
are 

A/= Ai.+ rA^TO,—Tr/) fsu 

COflO^j 

AJ = A„ + { A„+(‘)„—rrJ) sm 0„ 

m which the upper signs arc to be taken when the body is west, and the 
lower when it is cast, of the meridian. Strictly speaking, the value of 0 will 
not be the same for Ve^ius as for the Hun, but the difference will generally 
be so slight that either value may he employed for both bodies. The effect 
of parallax in azimuth in displacing Vaim relatively to the Hun’s centre can 
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never exceed o 08, and will usually be much less; but if it is thought 
desirable to correct the equations (26) on that account, the mode of domg 
so will be obvious when it is remembered that it will be sufficiently 
accurate to consider the parallax m azimuth as acting perpendicularly to the 
parallax in altitude 

From the zenith distances and azimuths given by the equations (26), 
the corresponding polar distances and hour angles must next be found. The 
rigorous formulsB for this purpose are 


tan m = tan C cos A', 

for, ^ sm m 

^ ’ (27) 

cot A == tan ((/j—m) cos t , 


but A' will generally be so small that its cosine may be taken as unity, and 
then we may write 


tan A! &m 4' 


cos (0 — 4') ’ 


cot A = tan (0 — 4') cos t 


(28) 


In the spherical triangle PS'V', Fig 4, we have the relations 


tan m = tan A/ cos 

COS A ' 

smpcosX= (2,;) 

sm p sm X= sm Ag sm 

Usually it will be] sufficiently accurate to put cos(if/~4')= i, and then 
m=A,', and these equations become 


sm p cos X = sm (A/—A,/), 
sin p sin X = sm A/ sin 

from which p and x are obtained As a check, p may be computed directly 
from the zenith distances and azimuths furnished by the equations (26), the 
requisite formulae bemg 

tan B = sm Cl 

c-c 

= sm 4/ ^ C-C. 

Sin B cos B 


(31) 
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Prom the spherical triangle PSS', Fig. 4, we get 


cos - (A/ —A,) 

tan - (x+i/')=-^- cofci 

COS-(A/ + \) * 


sin - (A/— A,) 

tan ~ (x->/')=-®-coti 

sm-(A,'+Aj) ® 


C?2) 


Preferring again to Fig 4, it is evident that SV is the distance, and PSV 
the position angle, of Venus from the centre of the Sun To find the values 
of these quantities we have 


SV = S'Y' = p, 

PSY = PSS'±S'SY = PSS'±SS'V, 

= PSS'±PS'SqrPS'V' 

ButPSV=fo, PSS^=;;(, PS'S=i/», PS^V'=\, and thus we get 


( 33 ) 


“=(x±'/')+\ C 34 ) 

111 which the upper signs are to be taken when PS'S is greater than PS'V', 
and the lower when, the contrary is the case If it is assumed that the pole 
which forms piart of the triangle PSV is always the elevated one, and also 
that position angles arc counted from the north around by the east; then, in 
the northern hemisphere, when the Sun is east of the meridian the position 
angle will he 36o°-co, while west of the meridian it will be co, and, in the 
southern hemisphere, when the Sun is east of the meridian the position angle 
will he i8o° + f«, while west of the meridian it will be 180°—«> 

Finally, if the polar distance of Venus, and the difference between her 
right ascension and that of the Sun aie required, these quantities may he 
obtained from the spherical triangle PSV by means of the formula} 


tan = tan p cos w, 
tan Ay cos =tan 

sm tan co 


tan Ay sm ~ 


cos ' 


( 35 ) 


m which and are respectively the light ascensions of the Sun and of 
Vm?/s 
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In the preceding development of the theory of the horizontal photohelio- 
graph, continual reference has been made to the centres of the Sun and 
\ enm, hut of course it will he understood that all the equations apply equally 

wdl to any other pair of celestial objects which may have been photographed 
with the same apparatus ^ 

y the homonlal phofoheliog,-aph ™ much need in obeeiving the last 
transit of Fenm, it is perhaps desii-ahle to give here a direct method of 
e ucmg the solar parallax from the photographs then obtained For that 
purpose consider the quadrilateral PZS'S, trhich is composed of the triangles 
PZS and PS'S In the tnangloPZS'we have the relation 

Sin A/ cot B = sm <■/ cot yZ+cos (J cos A/, (-,5^ 

in which IS the co-latitude ZP, and B is the angle ZST Consideimo all 
the parts except <p' as variable, and differentiating, we get 

/ siii^ 33 

j “muA; f‘ii,'+sinA/dAJ) 


+ COS A, 




To obtain approximately the maximum value of this differential we 
remark that A, can never exceed ± 13', and as sin B must always bo’less 

than sm A' ^ must be less than unity, and ^ must be less than 

sm A/, that is, it must be less than o 004. ?/ can never differ from 00° by 

more than ± ,3', and therefore its sino may he taken as unity, and its cosine 
cannot exceed o 004. If Uie latitude of the place of observation is less than 
50 , will be greater than 40°, and its cotangent will be less than 1-20 
hubstitating these values in the second member of equation (37) all the 

terms except the last become evanescent, and wo may write, mthout’aii error 
of one part m ten thousand, 

cm = ~cIA: 

vaW*''!f°tl’^ T “ '“rr' ’■y ac adopted 

value of the solar parallax, w, Hence, as ZS' is nearly 90“, dA,' is the 

^solved value of dw., and as it can never exceed that qiLtA .t is safe to 


(fB = 


C39) 
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In the triangle PSS' we have the relations 

003 —COS Ip COS (tg'^tg'^+Binxp sm cos A,, 

cos ip= —cos cos (f^'^tjy+Bin x s™. cos Aj 

Considering all the parts as variable, differentiating, and reducing, we get 


dx= sia V sin (JA,—cos A/^(/,~V)-cos SS'#, 

di//=sm A, sin (ZA/-cos A,^ Q,'^tJ')-cos SS% 

Adding, this becomes 

, ,, sm CL^fJ') rsin A.JAy + sm AjtZAQ-tZ Coos A, + oo3 A ,0 

dx+cl^= ---^ 


To obtain approximately the maximum value of this differential, Ave 
remark that at the time of the transit the Sun’s north polar distance was 
112° 49', and therefore sin A, = o 922, and cos = o 388. If the latitude 
of the place of observation is not greater than 50°, the value of A/ will lie 
betiveen 130° and 180°; and consequently its sine will not exceed o 766, and 
its cosine cannot be greater than unity, sin (4~2^/) cannot exceed unity 
Purther, as the triangle PSS' can only be varied by varying the assumed 
value of the solar paiallax,^ dA, and dA,' are the resolved values, and 
d is the sum of two resolved values, of d-^r,. It is therefore certain 

that if A, and dAJ are not greater than and that d is not greater 

than 2(ix,. Substituting these values in equation (42), and adding all the 
terms, without regard to sign? we get 


(?x+<2»P = 


4V 

I -hcob BB' 


(43) 


Hence, if SS' docs not exceed 120°, the value of d^^+d-J/ cannot be so great 
as 9</x, Adding to this the value of f/D, from equation (39), we find that, 
under the circumstances specified above, the total variation of the sum of the 


* Stneily speaking, altkougli the point S' can only bo vancd by varying tlio assumed 
TaluD of tlio soki paiallax, ibo pomfc S can be vaiicd, not only m that way, but also by 
varying the labular place of tlio Sun In practice it will probably be best to neglect at liist 
the oirors of tbo solai tables, and afterwards, when they become known from, tbo solution of 
the final equations, to compute ngoionsly the value of dxH-# foi each photograph, by means 
of (42), and m all eases wlieie it exceeds two or throe seconds, wlncb will laioly happen, tbo 
corresponding conditional equations of the forms (55) and (56) may be conoctod so as to 
accord with the new values of tho solar elements, and a second solution will give very 
accuiate results 
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angles ZS Sand PS S'cannot be so great as lod-rr. But it xs not possible 
that the value of the solar parallax now generally adopted can be in error by 
so much as o" 2, and therefore the value of lodTr, cannot be so great as 
2 , and will probably be less than 1" 

Referring to the figure, it is evident that ZS'V' + PSV = ZS'S + PSS' 


or 


/3+&; = ZS'S+PSS' 


(44) 


As the angle g must be obtained from measurements made upon a photom-apL 
i_ IS not probable that it can be depended upon to within 5" It has lust been 
siown that the right-hand member of (44) will not be vitiated so much as 2" bv 
any possible error m the adopted value of the solar paraUax It therefore 
ollows that the left-hand member of (44) may be regarded as constant, within 
the limits of error of observation, and thus it appears that 


fZp . fZw 

In the triangle ZST' we have 


(45) 


tan i (/3+y) = 


tan i (/S-y) = 


cos i (C'-C) 
cos i (4'+ 40 

; (4'-40 
SID f C4'+40 


coti (A/~A„'), 
cot i CA/~A/), 


(46) 


from which /3 and 7 arc derived In the same triangle we also have the 
relations 

cos p = cos 4' 00 s 4^+sin C-J sin 4' cos (A/~A„')i 
sin (A; rxrA/) cot [i = sm (J cot 4'- cos 4' cos (A;~ A/)' 

Considering all the parts as variable, differentiating, and reducing, we find 

cZp = sin 4' sm y d (A/-~A/) + cos y t2:4'+cos /3 d(/, 

—sin p dg = sm 4' cos y d (A/~A„') —sin y £Z4„' + sin (i cos p dCJ 

Reverting to the equations (26), putting < = Ms-,, 7r;=Nr„, 7r, = 
where t, and are respectively the equatoreal horizontal parallaxes of the 
Sun and Venus; regarding 7r„ as the variable, and dilferentiatmg, we o-et 
Rotal Asteon. Soc Voi XLIII. *^Tr 
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=: 4-W^M cos 
dAJ == sm dr^, 

d(J =4-1^ cos Oy dir^y 
dAJ = 4- ^ sin drcj, . 


(49) 


Substituting these values in (48), writing unity for sin 5 , for 5 *, and dco 
for - d/S, we obtain 


dp = cos 6, [±(tiiM±:!N') sin y tan ^s+lST cos y+mM cos /3 ] dir^, 

[±(w]V[±]Sr) cos y tan N sm y+ mM sin I3 cos p] (^tt^ 

sin p 


(50) 


From an ephemeris, the polar distances of the Sun and Venus, and the 
difference of their right ascensions, are taken, and thus two sides and the 
included angle are known in the triangle PSV The remaining parts are 
given by the formulai 

tan fjL = tan cos 

cos A„ .. . 

sm po cos 0)0 =- - sm (A.— «), 

cos 

sin po sm Wo == sm A„ sin 
sm po 0 - =1 sm Ag sm 


in which we write and «)„ to distinguish the quantities deduced from the 
ephemeris from the similar quantities, p and w, obtained from the photographs 
by means of the equations (30), (32), and (34). 

Still considermg the triangle PSV, we have the relations 

COS po = COS Ay cos Ay+sm A^ sm Ay cos (aj^av), 

(52) 

sin J cot Wy = Sin Ay cot A^—cos Ay cos (cts'^^v) 


Regaiding all the parts as variable, differentiating, and reducing, we get 


dpo = sm Ay sm a d («y«y) + cos w^ cZAy +cos cr dA^y 
— sm po dwo = sin Ay cos cr d (oy'^cey) ^-sin w^ cos p^ cZAy—sm (t dA^ 


(S3) 


If now a„ a„, A, A„, 7r„ and 7r„ are the tabular values of the right 
ascensions, polar distances, and parallaxes of the Sun and Venus, and if 
cti+da„ a^+da„, A^+t^A,, A„+dA„ jr„+(f7r„ are the true values of the 

same quantities, then we must have 
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P+dp = p„+dp^, 

W + tZw = b)g-^dbli, 


(54) 


Substituting the values of dp, dp^, da, and d^o from (50) and (53), wo 
obtain finally 


p^-p+am Ai, sm <t d (oi,~a„) +cos o- tZA^+cos o)„ dA, 

-cos e, [+(mM±N') sm y tan 0,+N cos y+mM cos /3] f?7r,, 


(55) 


suQ (“3~"ii)~sm (T cZAjj+eossin (i!A,] 

COS 0, p , , _ 

l “ smT" L±(™M:±lvr) cos y tan fl.-N sm y+mM sm P cos p] 


(sC) 


Each photograph furnishes one conditional equation of the foim (55), 
and another of the form (56), and from all the equations thus obtained the 
values of d (a,^a^), dA„ dA„, and dw„ are found by the method of least 
squares, the resulting value of the solar parallax being 

TT^ + mC^TT^ 

At the time of the last transit the value of was o 26S6 The term 
±(mM±N) of equations (55) and (56) is to be interpreted thus —When 
the Sun and Venus are on opposite sides of the meridian it will be a- (m M + N) • 
when the Sun and Vejius are on the same side of the meridian, if the Sun 
is most distant from the meridian, it will be +(?nM-N), but if Venim is 
most distant from the meridian, then it will be —(mM—N) 

It will not escape notice that those parts of ecpiations (55) and (56) 
which correspond toand of the equations (54) are general 

for the whole Earth, and can therefore be tabulated at suitable intervals for 
the period of the transit, while the terms which conespond to p + dpaiid 
m+doi must be computed specially for each photograph. 


Washington^ Nov 15, 1876, 
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Supplementary Note on the Theory of the Horizontal Photohekograph 




Last January tlie Astronomer Royal did me tlie honour to communicate to 
this Society a paper of mine on the theory of the horizontal photoheliograph 
Since then I have continued my investigations on that subject, and have 
devised some iinpiovements in the method of freeing the measures made 
upon the photographs from the effects of refraction. These improvements I 
now proceed to describe 

Referring to equation (14), it is to be remarked that, if the photographs 
of the Sun are centred upon the measuruig engme with moderate care, it 
will seldom happen that either By or 8a: amounts to so much as while A 
will usually exceed goo". It is therefore evident that all three of these 
quantities cannot be accurately derived from equations of condition of the 
same form as (14) without using logaiithms having at least six places of 
decimals. As the value of A is not required, we eliminate it m the following 
manner In equation (14) put 

sm (eip0) = a, 

n cos (eqzd) = b, (58) 

i R [sm2 (trpO) + n cos^ (£^16)] = n, 

then the resulting normal equations will be 

o = [an] + [aa] % + [ab] 

(so) 

o == [bn] + [ab] 3 ?/ + [bb] 

If m is the number of equidistant points at which R is measured, the 
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expressions for tlie required auxiliaries are 


[aa] = 2 sin® (fqp^) = ^ m, 

[ab] = wS sin (ezf9) cos = o, 

[bb] = cos^ 


[an] = 2 sin («q:0){^ ^ [sm® 0^zd)+ n cos® (£q:0)]_|^|, 
[bn] =wScos (£q:9)|i R [sin® (£qn0)4-ii cos® 0+^)] — 


As the value of [ab] conies out zero, we now evidently have 



—= 


IM 

[bb]* 


(60) 


(61) 


If m IS an even number there will be pairs of values of the angle 
s + 6 , and in every case the two angles which compose the pair will differ 
from each other by 180°. If R and R' are the radii vectores of the two 
points composmg a pair, and if the summation is extended only through \m 
points, then, putting 

B = I (E - R') [ I + ^ + (®^-1) cos® (£q=0)], (62) 

we have 


o 

-^2/ = - S sm (eq:0) D, 

€ T 0 = TT 

€=F 0 —O 

- 5 ® = — 5 cos (£4:6)0 

mn ^ ^ V -T- ✓ 
€T 0 ~ir 


S^ 3 ) 


To simplify these expressions still further, we remark that n is always 
very near unity, not becoming so small as o 950 until a zenith distance of 
85° is reached Assuming ?^ = i is equivalent to supposing the apparent 
Sun to be replaced by an artificial one of perfectly circular outline, whose 
area is the same as, and whose centre coincides with the centre of figure of 
the apparent Sun As this assumption does not affect the values of Sy and 
we adopt it, and then equation (62) reduces to 


D = (R-R') 


(64) 
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As the assumed artihcial Sun is circular m form, it has no minor axis, 
and therefore 9 may he put equal to zero, and we have finally 

-%=;^Ssm£(R-E0, 

e = T 

(65) 

£ as 0 

^ cos £ (R-EO 

€ =t IT 

From these expressions the values of % and lx can be found by means 
of a table of natural cosines and a Crelle’s multiplication table , no logarithms 
being required. 

As it is now evident that the assumption of an elliptical outline for the 
apparent Sun is unnecessary, we proceed to determine for Sr a more accurate 
expression than equation (16) With this view, let ahcd^ Fig. 5, be the 
outline of the true Sun, and i its centre, through which the vertical circle ac 
passes; and let ehfd be the outhne of the apparent Sun, and h its centre of 
figure Then, if gh is any diameter of the true Sun, taking ac and hd as 



a pir of rectangular axes, and putting ai -s, gl = y,, ho = ys, aig = fl, aim = fli, 
ain = 5 ,, we have 

y, = s cos 01 —s cos 01 
y3 = S cos 02—S cos 02 —I 


(66) 
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in which ^ is the first derivative of the refraction, taken at a point midway 

between m and h, and — is the same derivative, taken at a point midway 
between n and 0 Adding these two equations, we obtain 

Vl +yi = s (cos e,+cos e^)-s cos 6, cos 02 ^ , (67) 

and, as the factors for converting the cosmes of and into the cosine of B 
can never differ much from unity, it will be quite accurate enough to write 


2/1+2/2 = S (cos 01 + COS e 2 )+s 2 cos^ 1 ^, 

dC^ 




in which IS the second derivative of the refraction, taken at the cent,re of 
the true Sun 

If we put il = «i, and bear in mind that on account of refraction tlu' 
horizontal diameter of the Sun is contracted by a constant ratio u, then we 
have 

Xi = Bin 0,, V 


tan 0 = = tan 0 , — 

2/1 ’ 


tan 01= tan 0 


regarding and ^ as variable, and dilFerentiatmg, we get 


d (tan 01) _ _ tan 6 


Assuming the well-known relations, 


d (cos 0 i) 

ddj^ 

d (tan 0 i) 


-sm di, 


== soc2 01, 


(74) 
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dividing (73) bi" (74), multiplying the quotient by (72), and writing 5 for 
^1, we have with sufficient accuracy 

d (cos 0i)_fsin^ 0 cos 6"] ^ ^ 

~^c L J 


The vertical distance between the centres of the ordinates iji and being 


very approximately s cos 5 , we now have 

, . . , r sin^ 0 cos^ 0 

S (cos 01 + COS 02) == "“ - 

L 

1,2^ 

J 

(76) 

and therefore 

2/1+2/2 =[^C0S2 0~ 

dh 

ae 

(77) 


The actual value of jot is o 99974 Consequently it may he taken equal 
to unity without appreciable error, and then 


yi+2/2 = cos<0 (78) 

As yi and y^ are any pair of opposite ordinates of the curve which 
defines the outline of the apparent Sun, and as Sr is the distance or, in 
other words, the ordinate of the centre of figure of the apparent Sun, wc 
have, by reasoning identical with that employed m deducing equation (63), 




0= 

S 0, 

0 = +i 7 r 


(79) 


in which m is the number of points on the Sun’s limb at which ordinates 
have been computed If we assume these points to be equidistant upon the 
apparent Sun, and take m= 12, as m the measurements of the photographs 
then 

d^r 

c>=o37Sd^, ( 80 ) 

To test the amount of inaccuracy introduced 111 equation (79) by writino- 
6 for m (75) and omitting y. in (78), the rigorous expression for hr, 
mvolving fi. Si, and y, was formed 5 and upon substituting 111 it the numerical 
values of these quantities for the extreme case where the Sun has a zenith 
distance of eighty degrees, the numerical coefficient in (80} became 0*374 
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This differs so little from the value before found as to lead to the conclnsioii 
that equation (79) is probably as accurate as the refraction tables themselves. 
We have thus found the values of Sy, and h-, and it only remains to 
deduce from them the expressions for Rsins and Rcoss, E and e being 
lespectively the radius vector and angle of the image of the true Sun’s ccntri*, 
referred to the original system of polar coordinates given by the nicasuriiio 
engine ^ An inspection of Fig 4 shows that h- is measured along l,ho line 
S'z)', while 8y and 8 ,r are measured along lines respectively parallel and 
perpendicular to S^Z Hence, as the angle s is measured from a line at 
light angles to S^Z, and 6 , is the angle ZS'S', 


E. sill € = C7/-f COS 0 ,, 
E cos £ = sm 


111 which 8r must be regarded as essentially negative, 0 , must always bo tak('n 
less than ninety degrees, and the double sign must lie understood in the sani(‘ 
way as in the equations (10) It is perhaps scarcely necessary to add 'that 
these are the values of Rsine and Rcoss which must be cmidoycd m Ihe 
equations (18) 

To facilitate the computation of 81 fiom equation (80), it is desirable to 
have a table giving the numerical values of the second dcrivaf,n'e of th(‘ 

refraction To form such a table we assume Bessel’s ex])rcssion for flie 
refraction, namely, 


'i = (I tan s, 


(82) 


where r IS the refraction, expressed m seconds of aic, and « is a (luantiiv 

which varies slowly with the zenith distance ^ The first derivative of this 

expi’ession is ' 


d) 


di cos^ i 




+ tan 4 COS- 4 


(8,0 


Avhich becomes 


‘1l 

rh 


■ — a' 
4 ’ 


by putting 


<i' = a aic i'' + tan 4" cos* pP 

f /4 
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(8| j 


(85) 


X 
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Differentiating (84), we get 


i^Incli becomes 


by putting 


^ 2 tan t 

dcj^ cos^ < 


[a' + icofc^|;], 


tZV _ 2 tan^ ,f 
cos^ 4 


ct" = a' aic i'^+ ^ cot; 4" “ 

2 a. 


(86) 


(87) 

( 88 ) 


The factoi arc i" is introduced 111 equations (85) and (88) because m 
(82) a IS expressed lu seconds of arc, wb,ile a and a" must be expressed iii 
parts of radius Bessel b.as given a table of the values of a, which may be 
found m his J-Stroncunisc/ie Untermchungen, yo\ i, pp 198 and 199, and also 
m tyciKaxtXi&t'B Spherical and Practical Astronomy,'g'g 572 and 573, but it 
must be noted that our a' is Bessel’s a" From the differences of consecutive 

da' 

values of a' given lu that table, the values of have been obtained, and then 

tlie values of a", given below, were computed by means of equation (88). 

The quantities in the following table correspond to a state of the atmo¬ 
sphere such that the baiometei would stand at 29 597 inches, its attached 
theimometer at 32° F , and the external thermometer at 48° 75 F. The 
first and fourth columns of the table contain the argument The second and 
fifth columns contain the values of log a", to the argument true zenith 
distance, computed by means of equation (88), but it must be carelully noted 
that in using these logarithms their characteristics must be diminished by ro 
The third and sixth columns contain the values of Sr, to the argument true 
zenith distance, computed by means of equation (80); and the scvontli 
column, headed or', contains the values of Sr to the argument apparent zenith 
distance, for all cases where they differ sensibly from the values given m the 
sixth column 

Strictly speaking, a", Sr, and Sr'are functions, not only of the zcmtli 
distance, but also of the density of the atmosphere, but so long as the tem¬ 
perature of the latter remains between -1-30° and +75° F, and its pressure 
between 29 and 30 inches of mercury, the values of Sr and S/ given in the 
table will not be in error more than o" 01 for any zenith distance less than 
80° For temperatures, pressures, or zenith distances beyond these limits, if 
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great accui^y xs desired, the values of S., and Sr' must bo multiplic<I hy 
be factor , in xvhxdx ^ = BT, and the values of A", x", B, T, aud y arc 
o e avert rom essel s 1 able, cited above To prevent inisapprcliciisioii, 
It may be well to note that the values of A" and x" given by Bessel apply 
rigorously only to the first derivative of the refraction, but their use with 
the second derivative gives rise to so little error that it docs not seem worth 
wJnle to recompute them specially for it 



Wa'^hngtov, May 30, 1877 





V The Sidereal System. By Maxwell Hall, M.A, of Pcmb. Coll Camb. 

{Co 7 n)numialed hij Sir G B. Ainj ) 


INTRODUCTORY REMARKS. 

In the following Memoir it is my intention to bring Ibi ward a theory of the 
greatest imiiortance to Sidereal Astronomy, which connects the motion of the 
Solar System through space with the proper motions of several of the so- 
called Fixed Stars, and which binds Ihem together in one Dynamical System, 
the Sun and stars are thus subject to the same law of Force, and revolve in 
immense oibits round the same centre, Proper Motion is connected ivdh 
1 arallax, and both with that radial velocity wdnch Dr TIugcinis has lately 
made known to us by means of the spectroscope. 

But finding that I am unable to do full justice to the work thus ta.ken 
in hand, I would here excuse myself by stating und(ir what circumstances 
the Memoir was written It was commenced in the year 1S69, when I was 
studying at Cambridge, but no progress was made until J had taken my 
degree m 1871, w^hen the system was fairly sketched out But one of tlu- 
most important stars, Sirius, had given me great trouble , the formula* gave 
a negative value to the parallax, and thus prevented a comparison of flu* 
observed with the computed radial velocity, and by no adjustment of tlu* 
system was I then able to include that star This was the more annoy 
because at that time it was the only star which Dr Huggins had obseriei 
with the spectroscope for velocity in the line of sight. 
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It thus became necessary to delay the publication of the theoiy , but in 
the meantime, bad health obliged me to leave England, and it ivas in this 
magnificent climate, among the mountains of Jamaica, that I heard that Dr 
Huggins had confiimed the theory as far as several other impoitant stars 
were concerned. Since that time much trouble has been taken to improve 
the System as far as possible, and now publication is necessary for its further 
progress; the proper motions, observed pai-allaxes, and radial velocities of 
several of the stars requne confirmation, and without such aid I can do little 
or nothing moie But at some future time, and with improved data, I may 
hope to be able to treat the subject more rigorously and more concisely , the 
present Memoir was written in sections at different times, when any steps were 
made in advance, and its form has been retained lest any confusion should 
aiise by omitting some steps and blending others together 


THE SIDEREAL SYSTEM. 

The theory of the motion of the Solar System through space has been 
examined by investigations more or less rigorous, and the results are so fur 
in accordance as to declare the truth of that motion, and to detcruune with 
considerable accuracy the point towards which the system moves , it is here 
sufficient to say that the investigations are all based upon the general but 
very minute tendency of the stars to disperse ni all directions from that point 
in the celestial spheie towards which the Solar System moves, and to crowd 
together towards that point from which the system moves , not that the 
proper motions of the stars are entirely due to this motion of the Solar 
System, for, on the contrary, they apparently move in all directions with very 
different angular velocities , but still there is a certain tendency, or average 
motion of the stars collectively, which led Sir William IIersciiel, in the 
year 1783, to announce the translation of the Solar System through space, 
and which has been repeatedly confirmed by several mathematicians 

The next stage m the progress of the theory introduces us to such 
subjects as the position of the centre of this motion, and the law of force 
which this motion obeys, for, reasoning by analogy, we can only suppose that 
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the Sun moves in an orbit about some point in space, material or immaterial, 
m motion or at rest 

Again, whatever may be the attracting power, if sufficiently great to 
retain the Sun in an orbit, it must have the same effect on the ncighbonrnig 
stars, so that the Sun and the nearer stars must move in orbits about the 
same point, the centre of the Sidereal System We shall assume the truth of 
this argument, and proceed to search for the centre in the following manner 

Let the centre of the Sun be taken as the origin of one set of rectangular 
coordinates, the axis of x being drawn to the First Point of Arie.'^^ the axis of 
y to that point on the celestial Equator whose Eight Ascension is 90°, and the 
axis of ^ perpendicular to the two former, and towards the noitliern Pole; 
let all variable quantities be reduced to the epoch Jan 1 o, 1850, and take 
one year as the unit of time, and the mean laduis of the Earth’s annual orbit 
as the unit of space 

Let 6, <j>, and p be the heliocentric polar coordinates of a star, and let 
I, VI, and n be the direction-cosmes of p, so that 

I = Bin 0 cos <i>, 
m = Bin 0 sin f/;, 

'll = cos 0 

Then, by transferring the origin to the centre of the Sidereal System, il’ X, Y, 
and Z are the coordinates of the Sun, and .r, y, and ^ those of the star’ 
we get ’ 

aj= X+?p, 
y — Y+mp, 
a = Z + np, 

where of course the axes remain parallel to their former directions 

By differentiating these last equations with respect to t, the tune wo 
have ’ 


clx 


, 7 do 

dl 

cU 

dt 


dt^ 

cJi/ 

dY 

dp 

dm 

7u "" 

"" dt 

+ m-+p 




. dp . 

dn 

cU 

dt 

^nj^+p 
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and if ?• be tlie distance of the star from the centre, and the velocity of the 
star ill its orbit, 

(I)’ 

In the aboTe equations f , f , st>d f arc the yelodties of the Sun along 

the axes, and are therefore approximately known; and also, in the case of 
those few stars whose annual parallaxes have been found by observation, p 

is known, but|, or the velocity with which the Sun and any star approach 

or recede fiom each other, must be considered as unknown; and we shall only 
employ the radial velocities found by the spectroscope as supplementary, but 
very important, tests of the truth of our theoretical results Therefoie 

another equation is required in order to eliminate and then r and v could 

be expressed in terms of X, Y, and Z and known quantities; but hero again 
another difficulty presents itself, because it is only in circular orbits that there 
are equations between v, r, and quantities winch are constant for the whole 
system, and thus, while we can allow the Sun to move in an elliptical orbit, 
it IS necessary to assume that the stellar orbits arc circular, for otheiwise 
each star would introduce an unknown qnanl.ity, namely, the semi-axis major 
of its orbit; however, since this restriction will give us the equation required 

for it removes at once two insurmountable difficulties. 

Assuming, therefore, that the stellar orbit,s are circular, we have 

v^ = ‘>4’(f, 0 . 

wheie r), the acceleration, is some function of r and of quantities which 
are constant for the whole system. Thus, if the Hun and the nearer stars 
revolve about some gigantic central body whose mass was f, we should 

have = ^, and wb’would be constant for all the members, ngain, if the 

Sun and stars revolve about their common centre of gravity, we should have 

2 

r® = in this case would be constant, while / would he the star- 
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ensity of space, or at least depend upon that density; and though the latter 
hypothesis IS the more probable, yet it will be necessary to retain the equation 
m Its geneial form Again, since the stellar orbits are assumed to be circular, 

1 dr ■ 


we have ^=o 

at 


or 




dt 


It w! of restricted problem, m.d 

tno'.r becomes necessary to put them iu more convoment forms. Let V bo 

DistlLT f tl ^ *** “d North Polar 


then 


A = &m fl cos a, 
fx = sill /3 sin a, 
V = cos ft , 


dt 


= xv, = and 


"A 

lU 


•■vY 


Again 




dl 
dt 

djn 

dl 

dn .. do 

dt dt 


do 


= n am 6 l 

dt ' dr dt 


dt 

d<l> 


But if 4 and 33 arc the amiual proper motions of a star m Bight Ascciwo,, 
and North Polar Distance expressed in seconds ot arc, ;“ = «<). sin i", and 

§ = S 3 sm I"; now put f = U sm i", ^ = 8« sm i», and f = S« sm ,", so 
tliat 


ol == COS fji ^ 0 —ma(l), 
0)11 r=: )1 Bill </> ofj-f. 
dll = —Bin 0 dOj 

IIOYAX Astron. Soc. Yol. XLIIJ. 


T 
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and tke mimencal values of SI, 8?n, and may be very easily obtained from 
tbe annual pioper motions 

Tlie velocities of a star along the axes may now be expressed in the 
following manner. 

|^ = XV+ z|+psmi" Zl, 

^ =: yuV i-'m sin i’' dm, 
f =’'V+«|+psini"SH 

We shall replace the factor sin i" by tbe suffix (^), so that Po is equivalent to 
psini'', or the unit of space in quantities thus marked is the distance of a 
star whose annual parallax is one second of arc This unit of space may be 
termed the sidei^eal unit; it is intimately connected with parallax, for if ®r be 
the annual parallax of a star in seconds of arc, 


= I, 

so that Po — ~i or i!7 = - ; m numbers, it is 206,265 times the mean radius of 

the Earth’s annual 01 bit. The unit of space hitherto proposed to avoid large 
numbers in sidereal measurements is the distance light travels in the course of 
a year, but such an uint would only add confusion to our equations, and hence 
it becomes necessary to adopt another. Eut for velocities we shall still retain 
the former unit, the mean radius of the Earth’s orbit, and thus avoid very 
large or very small numbers 

After this important change it will be advisable to write doivn the 
principal equations again, they are 


Zq = 2 /^ 4 - npf,, 


| = .T+i|+,X , 


(I) 


(2) 


(?» (??/ dz 


dt 


(3) 




( 4 ) 


Mr. Maxttbll Habb, On tJie Sidereal System 163 

where F has bera taken instead of /in order to show the change of the unit 
L" discnss/itself. And also ther^ 

UJ^UJ+W (6) 

nf ^ Ascension and North Polar Distance 

of the SuuJhen seen from the centre, let K. be its distance from the centre 
and let L, M, and N be the direclion-coeince of R., so that ’ 


and then 


L = sm A cos 
M = sm A sin 
N = cos A, 

X„ = LR„, Y„ = MR„, 2i„ = ]NIl„ 


then, from (i) and (5), 


n =5 ZL+wM-f-^iisr, 


»„2= R,2+p^2H.2nE,„p„ 


then, from (2) and (6), 


fh = Zx -f '? 3 ?/A -f 
h = Xc)/-f jioni-{-%'hh, 


renicmbcrujg that 






And from (i), (2), and (3), by putting 


Iv = + 'Roil, 

r = 

11 = i, 

R,,’ 
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so that n IS the annual parallax of the centre if it could he observed, we 
have 

^(ii+np„)+K/)„+ap„nv+rv = o (iii) 

cLt 

It will be noticed that, by substituting the value of ^ from (III) m (II), 

^ will be eliminated, the necessity of which has been already pointed out; 

d/t 

but the equations aie more convenient in their present form It will 
also be noticed that, by substituting from (I) and (II) in (4), there will 
remam one equation containing an unknown function of the four unknown 
quantities, iH, A, and V, but, as they are all common to the assumed 
system, it will be possible to determine them by employing those stars whose 
parallaxes have been found by observation. With legard to V, it was 
said before that the velocity of the Sun was known , but that Y is not 
known with sufficient accuracy for our purpose will appear from what 
immediately follows 

The mean of the results obtained by MM Argelander, Lundaiil, and 
Otto Striive indicates the position of the solar apex to be 

0 f 

EA 259 9 

NPD 55 23 1 

for the begmnmg of the year 1790 ; while, from southern stars not employed 
in the above calculations, Mr Galloway found its position for the same 
epoch to be 


E A 260 I I 

55 37 ) 

In vol xxviii of the Memoirs of ike Royal Astronomical Society, Professor 
Airy conducts the inquiry upon two suppositions, the first assumes the 
iriegulanties of proper motion to be due to errors of observation, while the 
second supposes them to be due to their actual motions. The results are, 
for the beginning of the year x 840, 


EA 

EPD 


256 54 

50 31 


First Supposition, 
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16 = 


RA 

JTPD 


and we cannot do better than take the 


261 29 

^5 16 I Second Supposition , 

mean of these positions, which is 


RA 

RPD 


259 12 
57 54 


(lu) 


In these calculations tlic stars which were employed had larac proiicr 
motions, and were therefore but few in number, two or thiee hundred 
at most, but where two or three thousand stars are employed, as in the 
investigations of M. Madleh and Mr. 1:>unkin, most of them must have very 
small proper motions, and cirors of observation must luive great effect so tlnvt 
It IS probable that the First Supposition will prove the more coirect of the 
two; and this is actually found to lie the case, foi Mr Dunkin, m vol xxxn 
employed a large number of stars in the same formula* which Professor Airy 
used, and the results on the First Supposition arc noaily the means of (i), 

(11), ^d (ni), while those on the Second Snjipo.sitiou dilfcr considerably 
We shall therefore bring (,), („). ,„.,i („ i,„ 

the proper precessions, ami take the mean as the most probahleposition of the 
solar apex. 


(0 

(lO 

(lu) 


(1) 

(lu) 


I’roeeismn in K A 

l^ioccHsion m N F I) 

+ .32 

/ 

+ 4 

+ 32 

.h 3 

+ 5 

4 * 1 

11A 1850 

0 t 

KPD 1850 

259 41 

0 / 

55 27 

260 33 

SS 40 

259 iiS 

S 7 55 

“ = 2 S 0 SI 

P = 56 21 


But the value of V cannot be found with the same accuracy as a and B 
because the distances of the stars have much greater effect upon the result’ 
and these distances, with a few exceptions, are unknown. Thus, if all the 
stars weie at the same distance from the Sun, a and B would be independent 
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of tHat distance , and this reasoning applies to a certain extent when the 
distances of the stars are supposed to be functions of their magnitudes. 

The lesults, however, are these , the angular velocity of the Sun, as 
seen from an average first-magnitude star at right angles to the direction of 
the motion, is o" 33, according to Mr Dunkin, on the First Supposition, and 
this closely agrees with the angular velocity found by M Otto Stkuvb. 
But the mean of the angular velocities found by Piofessor Airy is as laige 
as i" 6 , and if the parallax of an aveiagc first-magnitude star is o" 2, Y 
is 8, or 111 a year the Sun passes over a space equal to eight radii of the 
Faith’s orbit But, in consequence of this disagreement, we must suppose 
that Y IS unknown at present, and afterwards we shall compare our 
determination with that of Professor Airy 

In beginning to search for the centre, the Pleiades first claim our 
attention, a group of stars towards which M Mauler has turned the whole 
of the mterest attached to the present subject He was led to the conclusion 
that the centre probably lay out 111 that direction by noticing that several stars 
in that part of the heavens apparently move together, indicating the presence 
of some controlling power , and then the centre of gravity of the Pleiades 
must be a centre of foice, to the stars composing that group at any rate ; 
and so he was led to consider Alcyone^ the biightest star in the group, as the 
centre of the Sun’s motion through space. But Mr Proctor has lately 
called attention to the fact that thci e ai c other parts of the heavens whore 
there is a community of motion, and he prcfeis the constellation of Perseus^ 
already maiked as the choice of M Argelaxder , and then the clustering 
of the stars about the Sword-hand, which is 111 the plane of the Galaxy, and 
which IS also 90° from the solar apex, will indicate the position of the centre 
in that constellation 

However, let us assume that Alcyone is the centi e of the system , then 
HI and A will be the Bight Ascension and Noith Polai Distance of the point 
diametrically opposite to this star, whence L, ]\I, and N ; and assuming 
certain values of Y and E„ we get the corresponding values of v and for 
five or SIX of those stars whose parallaxes and proper motions have been 
tolerably well ascertained. We must then seek for an equation betwc'cn 

V and r„, beginning with the two already pointed out, namely n’* = — and 

V — Yvq ^ but failing to find sucli an equation between v and wc ninst 
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alter V, and so obtain another senes, but as V lies between certain hmits 
by taking the extreme and mean yalaes, iianioly, e, 5, and 8, ive shall snffl-’ 
cienfly test the assumed -alue of I!., the distance of Akmne, then 11 must 
be changed and the whole pioccss repeated 

It was found that neither AlajmK nor yet the Swoid-hand in Perseus 

M the centre required, and a general examination of tl.e whole heavens 

became necessaiy 

My examination was not very complete, because it was both Ubouoiis 
and discouraging; the biightest stars, the larger groups, and the vast con¬ 
gregation of nebulm m Vu-go, all tailed me, as a last resource I examined 
about twenty pomts at equal distances from each other on the great circle 
whose pole is the solar apex, and found, not one, but two points whioh gave 
satis&ctory results one m AndromeJa, and the other diaueliically opposite 
in Hydro, below Conus, and for either point ]!, was huge, and V net less 
than 8 ; but no numerical value could bo given to R., for it was sufficient to 
put n - o, when o{ course the stars would all he at an ii.limte distance fiom 
the centre , equation ( 1 ) Ihcroforo failed, but equations (II) and (III) made 
all the velocities tolerably equal to V. 

thro„vIwb”^q Acreforo appear that Hie centre lies upon the line passing 
through pe Sun and these two parts of the heavens, and that it is at such a 
peat distance that the Sun and the nearer stars move about it with almost 
the same velocity ; for m the equation „^= .f ,, 

It may be considered constant for those niemhers of tl.e system, it follows 
that V must also bo con.sklci*C(l constant 

Another important conclusion to he drawn is that the solar orbit must 
be nearly circular as well as the stellar orbits, so that, without fear of an, 
great ereor, wo may put I'= 0; and the fo.mer equations must now ho 
modified so as to suit the general ideas iv^e have o-ained 

Let 


then 


P = o 
N’ 


M 

’N’ 


XP = o 

Put r and n each equal to zero in (III), and let 

11 Hh/ hQ’ 


( 7 ) 
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then (III) reduces to ^+?//)(, = o, and by putting m (II), we get 

and replacing by —vpo, we have 

Po —2V (au—l) = o, 

whence 

_ c^+u^ 

2 V(au-h) 

When P, Q, and V are known, may therefore he easily determined 
for any star by means of equations (7) and (8) , but at present the problem 
still retains the inverse form, and P, Q, and V must be found from those 
stars whose parallaxes have been observed At first I attempted to obtain 
them by assuming rough values, introducing corrections, forming several 
equations of condition, and solving them by the method of Least Squares ; 
but the equations failed because the corrections were so laige that their 
squares and pioducts could not be neglected 

I then adopted another plan, and found the lalues of P and W by 
means of the two stars a Centauri and 61 the only stars whose 

parallaxes could be depended on. The parallax of a Centauri was taken to 
be o 936, winch is the mean of three separate determinations’* , that of 
61 Cygni was taken to be o" 422, which is the mean of four separate deter¬ 
minations f , the proper motions of 61 Cygni were taken from Mr Main’s 
P aper in vol xix of the Memoirs of the Royal Astronomical Society , but 
the proper motions of a Centauri I was obliged to determme myself When 
two stars form a Binary System, we require the proper motions of the centre 
of gravity of that system , and assuming that the centre of gravity lies 
midway between the two components, a’- and a^, I found the proper motions 
of a Centaun to be -0= 471 in E A, and o" 78 m N.P D , by comparing the 

* o" 976 Hbudbesoh-, corrected by Petees , o" 913 Maclbae, first senes , o" 919 Macleae 
second series, and tlie probable eiror of tbe mean is it014 

t o" 374 Bessel, corrected by Petees , o" 349 Petees , o" 564 Auwees , o" 402 Johnson 
and the probable error of tbe mean is 032 ^ 
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observations of Lacaihe at the Cape of Good Hope, reduced to the year 
175O) with the modern observations of Mr. Eixert in Australia in the year 
1868. In order to show how P and V were obtained from these stars, 
a Centaun gave the equation 

2 'mY (aU’—h) ; 

and 61 Oygni gave the similar equation 

c'2-t-w'2 = 2 W (aV-&'), 

and eliminating 2Y, 

= OT (au—V) 

Then u and u were expressed in terms of P and Q, and Q was ehminated by 
means of the equation 

XP "HfcQ+»/ = o 

The resulting equation for P was therefore of the fourth degree ; hut there 
was no difficulty about the roots, for two of them were impossible, and one of 
the possible roots made Y so absurdly large tliat it was at once rejected; 
and the last root gave ’ 

P — +i 862 
Q= +-0343 
■^ == 9 9475 

^ We now proceed to calculate the parallaxes of a few stars by moans of 
their proper motions and the foregoing equations, in order to tost the truth of 
our theory by comparing the results with those of observation 


Arctueus 


The proper motions of this star are -o'-o/q in KA. and 
m HP D , so that =+1 93, and 8 (f> = -i iSs, whence w, the annual 
parallax, IS equal to o'' 20, and since Dr Petees found it to be o" 127 by 

observation, the difference is only o" 07, and the first result may be considered 
satisfactory 


Agam, it will be found that | is -14 6, or that the distance bctwi'eu 
Eotai Astrox Soc. Yox ALIIL 
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the Sun and Arcturus is diminishing at the rate of 14 6 radii (of tlu' ICai (h’.s 
orbit per annum, and we are now able to icfer to tlie observations o( l>r 
Huggins, which were made expressly to determine such volooitu's Hn! 
researches arc so well known, that it is suilioicut to say tliat these laduil 
velocities, or velocities along the line of sight, will produce a. change' in I hi* 
refrangibihty of light, and a corresponding change in tlie position ol Ihi- dark 
lines in the spectrum, and that these latter changes ha\Sheen measiiri'd, 
indicating different radial velocities for different stars 

It so happens that ArciuruK has the largest radial velocity incasuri'd by 
Dr Huggins, and he found that the distance betwei'ii die Sun and \irtiiriis 
is diminishing at the rate of 55 miles per second, or, in terms of our units,’'' 
at the rate of ig’o radii of the Harth’s orbit per annum 

Nothing could be more satisfactory than the agreement, befwi'eii t henry 
and observation in the case of always remembering tliat the theory 

IS in a rough and general form, and that considerable uuceit,ain(y attends all 
observed parallaxes and radial velocities 


Vbqa. 

Por this star OT = o" 06; = Now Dr Huggins found that 

is between -15 and -19, and this has been confirmed by Dr Vogkl, who 
found — lyg , the theoretical radial velocity is therefore liigldy satisfaetory 
With regard to the parallax, M Struve’s earlier obseryations made it 
between o" 07 and o" 18 , but subsequent observations, and other ohsei yei .s, 
have made it greater Now, Professor Airy made a most rigorous inii'sf na¬ 
tion of the parallax of this star {Memoir.s of the Royal A.yr(moitiieal Sonety, 
vol X ), with the Troughton Circle at Greenwich lie found I o' 2236, but 
with the Jones Circle he found —o" X015 , so that, if all tlu* obsi'rvaf ums hud 
been combined, the resulting parallax would liave been about c/'06; and 
taking o’'i2 as the result of M Struve’s caiher observations, the mean, 
o"o9, will be the probable parallax of this star, which agrees very close 1}' 
with the theoretical value 

* In order to reduce miles per second to radu of tho Eaith’s 01 bit pei aimum wo inuhl 

divide by 2 9 
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Peocyoit, 

The proper aiotioiis of this star are subject to small variations, wliieli 
Dr Atjwees has esplamed in a most satisfactory manner by supposing the 
bright star to revolve about a dark one in its iimncdiatc vicinity ; but siiico 
the peiiod is small, it follows that the proper motions of the centre of 
gravity of this Binary Svstem can be determined fiom observations diiforing 
considerably m time, Mr Main found them to be —0^048 in R A, and 
+ i"o8 in F P.D 

MTience = o'' 08, ^ = +89 , but the parallax found by Dr. Au wees 
is o 123, so that the difference is small, only about o" 04 

Now It happens that, as the binary oibit of the bright star is pcriien- 
dicular to the line of sight, the spectrum will not bo affected by this orliital 

motion , and while Dr Huggins found to be small and positive, I)i 

Yogel found it to be as large as 21 , hence we may conclude that will 
prove to be about +12 from fntuic observations. 

CaI'ELLA 

For this star cr = o'"o2, = + 6-8 ; and, since Dr Petees found tbe 

parallax to be o" 046, the difFoience is remarkably small. 

Dr Huggins was not able to give a numerical valne to the ratluil 
velocity, but he found it to be small and positive ; the results for Capella arc 
therefore satisfactoi y 

Altaie. 

In this case tir = o"-i4, |a = 3. Vogel found the radial 

velocity to be - which is very satisfactory , but, as far as I am aware, 

At Greenwich —10 was foand, the mean is —13 3 
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tlie parallax has generally been supposed to be insensible The only results 
I have seen are those of M Steuvb, given in Memoirs of the Royal Astro¬ 
nomical Society, vol xii, indicating a parallax of o" 181, supposing the 
parallaxes of the comparison stars, /8 and y Aqmlce, to be insensible , but 
the parallax of y is really insensible, according to theory , that of yQ cannot 
be found at present; and therefore it is probable that o"‘i8i is the absolute 
parallax of Altair 


']op Ophiuciii 

By employing the proper motions given in the British Assoruitlou 
eVafoywe, we shall find the parallax to be o" 12, while o" 16 was found by 
M Keugee a very close agreement The star is between the fourtli and 
fifth magnitudes, and of course has not yet been observed with the 
spectroscope 


21258 Lalande. 

Mr Ltox, of the Greenwich Observatory, has given the proper motions 
of this very small star , they are -o" 386 in R A, and +1" 36 111 N.P D 
The resulting parallax is o"3i, M Keugee found o"*26; so that, wdien 
this star and 70 p Ophiuchi are considered together, it is evident that 
M Keugee’s observations are of the very highest order and quality 


34 Geoombeidge 

Ill vol xxviii p 97 of the MontUy Notices of the Royal Astronomical 
Society will be found a brief account of the determination of the parallax of 
this star by Di Auwees ; it is as large as o" 307 , and as 1 was anxious to 
confirm this important result, I lately communicated with the Editor of 

Nature, who kindly furnished me with the following position and proper 
motions .— 

K) A. iS^o qIi 51^ 7^ 

Proper Motion inEA 4.0S2551 

EPD 1850 46° 49' 38'/I 

Pioper Motion in N P D — o" 366, 
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and the resulting parallax is o" 19 , the agreement here is not very close, 
but still the fact of a sensible parallax is confirmed 


Polaris 


IS the last star we shall refer to among those which have given satisfactory 
results ; o"-o67 is the parallax found by Dr Peters , oiir theory makes it 
quite insensible by placing it at the enormous distance of 490 sidereal units, 
and it will be advisable to dismiss this star for the present until the tlicoiy 
IS more fully developed 

Theie can thus be no doubt that the ten following stars are members of 
the same Dynamical System, together with the Sun , they are 


a Centaiin 
61 Ojgni 
Arcturus 
Vega 
Procyon 


Capolla 

Altair 

70 P Opliiixclu 
21258 Lalando 
34 Qroombndgo, 


and they have confirmed the adopted values of P, Q, and V; but there still 
remam five stars whose parallaxes have been ascertained , they are 


Sinus 

1830 Groombndgi 
0- Draconis 


t UrsjB Majons 
17415 Oclizon, 


and these five give erroneous results The first and (lie last have nenatioe 
parallaxes from the preceding formula , the othcis arc positive, but fin- too 
large Five out of fifteen or sixteen is a large jiroportion, and it is par¬ 
ticularly annoying that Sinus is among the number 

Omitting the stars Altair and 34 Groombridge, this was the stage in the 
heory arrived at in the year 1871, as already mentioned in the rntroductory 
Eemarks; since then, the spectroscope has confirmed several of the radial 
velocities ; and as those negative parallaxes may be due to the imperfect 
state ofthe theory in Its present form, it becomes necessary to correct Am 

far as we may be able. 

Let S be the Sun, A a S i • B, and ASB the line on 
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■whicli the centre lies, but we do not yet know whether it lies in the direc¬ 
tion SA or SB , but in either case it is at such a distance that the Sun and 
any stars (3, 5 near the sun, ievolve about the centre with almost the same 
velocity Now suppose, from a general examination of observed parallaxes 
and radial velocities, it is found that the stars about a have on the whole a 
larger velocity than the stars about h', then the centre will lie in the direction 

SA if but it will he in the direction SB if n® = , and therefore a 

'>0 

general examination may fail to advance the theor}' a step further 

Thus, by employing observed parallaxes and radial velocities in equation 
(II), it will be found that the velocities of 

Vega, The Sim, 

Altair, and Aictuius 

are all in order of magnitude, increasing from Vega to Arcturus ; and if the 
centre lies towards Andromeda and at a considerable distance, loo units for 
instance, it will be found that their distances from the centre are also m 
iiici casing order of magnitude, so that probablj'- they will all revolve about a 
centre of gravity according to the equation = Fr^ But if the centre lies 
towards Hydra., the distances arc in decreasing order, and then they must 

F' 

1 evolve about some gigantic cential mass according to the equation • 

Ti/ 

and it IS necessary to decide between the two before we can proceed with the 
corrections. 

Now there are three ciicumstanccs to guide us, all of which point to the 
foimer hypothesis. The lirst is that there is no visible centre, and no 
clustering of the stars about it; while, on the other hand, there are innumer¬ 
able clusters of stars in the heavens which are apparently bound together by 
their mutual giavitation , so that analogy would lead us to choose the 
equation = Fr^. The second is that the velocities inciease from Vega to 
Arcturus with very great rapidity ; this ive infer is chiefly the fault of obser¬ 
vation, as but small changes in the paiallaxes are required to reduce them 
all to V, the velocity of the Sun, but still it would be preferable to choose 
the equation = Fr^^ again, were it only to reduce the residual errors or 
differences , for by this equation the velocities will increase outwards with 
much greater rapidity than they would increase inwards by the other. 
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The last circumstance is rather remarkable , it will be remembered that 
L = sin A cos HI, M = sin A sm SR, and N = cos A, also that L = PN, M = QN, 
so that the two values of and A are known But it so happens that L, 
M, and N have all the same sign; they are all negative if the centie lies 
towards Andromeda, and all positive if it lies towaids Hydra Now, tuiiiing 
to equation (III), since H = N(a=’+wQH-5z) and K = N(PS^+QSOT + Sn)” 
It occurred to me that the sign of N might at least be determined by neglect¬ 
ing r and the errors in the assumed values of L, M, and N , and not only 
is this the case, but also Vega, Alta^r, and Aictwiis agree so closely as to oive 
almost the same value of 11, thus, by taking N with the negative sign, Vega 
gues n = -f o"o2; Altair, + 0^03, Arcturus, -f o''02 again. Of course 
no importance can be attached to this niimencal agreement as far as the 
value of n Itself is concerned, but it is highly satisfactory to know that all 
rea.sons combine to direct us in making the decision 

It therefore appeals that the centre lies in the diiection of the point 
whose coordinates for the year 1850 arc 

o / 

RA 10 26 I 

62 9, j 

so that L, M, and N aie all negative, and 

log L = -9 93930, 
log M = —9 20444, 
log N = •—9 66946 , 

where of tourse the signs before the logarithms apply to the natural niimbm-s 
—in these, and 111 all following cases And instead of the general equation 
marked by (4), we have 


But this equation only applies to circular 01 bits, consequently, if the 
solar orbit is assumed to be elliptical, it will rcquiic a slight modification 
pel haps the most convenient form is ^ ’ 


V2 = pr/ + av» 

wliere AV^ is the correction to on account of that ellipticity, and then A 
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^nll become a constant for tbe whole system, such as F and H, having a vciy 
small numerical value. 

The principal equations ( 1 ), (II), (HI), and (IV) must now be reduced 
and adapted for the computation of parallax Substituting from (I) and 
(II) in (IV), we have 


but 

so that 


but 


(|)'+2V (« +cV = F (R/+p„“+2imA). 
T2-PE<,® = AV^ 

(l)'+ f’ 

i’ = n2V2(i-A), 


so the right-hand member of this equation becomes 

(i-A) p„H2nn(i-A) p„-A} 

Multiply both sides by tv®, then 

= V^{I1* (t—A)-f2im (r —A) or—A ot*} 


It will still be convenient to employ the auxiliary equation 
then, from (III), we easily obtain 


„ _ K-t-anv-i-wrv 
n+np„ ’ 

and the above equation becomes 

(i-A)-l- 2 lin (i-A) W}, 

and then 


(9) 


^ - A) 

2 V{aM-&+linV(i-A} 0 °) 

Equations (9) and (10) now take the place of (7) and (8) , it will be 
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noticed that an approximate value of ra- is required before the parallax can 
be obtained fiom these formulae, but such an approximation may be obtained 
from (7) and (8), or from any tentative method of solution 

Hut as yet T, A, and It are unknown; neither can they be obtained 
without considering at the same time the corrections which must be applied to 
L, M, IN', and Y; hut it will be convenient to suppose that approximate values 
of r, A, and 11 are also known, so that it will not afterwards be necessary to 
modify the following part of the work in order to introduce then corrections. 
■\Ye shall represent these corrections by the prefix a, so that aL is the correc¬ 
tion to be added to L, but it ivill be noticed that there arc only five corrections 
to be found, namely, aL, aM, aY, aA, and aH; to find aN in terms of al 
and aM, we have only to differentiate the equation = i : 

or it may he found from (L + aL)^-|- (M-t- aM)^-I- (N + aN)‘^ = should aL 

and aM be so laige that their squares and products cannot he neglected. 
And since 


r = LX-|-M/i+N'i', 

we have 

aV = XaL +;UAM-f- > aIT 

In order to give a general idea of the method to be adopted in fnidimr 
these corrections, let he the tine parallax of a star, where, as nsuaf 

j represents the theoretical parallax calculated by means of the foremimr 
ormul^ and the uncorrected values of the constants; then, if Act he e.xprcssed 
m terms of the corrections, we shall bo able to dctennmc the latter , but it is 
now necessary to show how this may be done 
Eeferrmg to equation (10), let 

£ = 2^y J+liny- c I - A) ] - {IT2 (X _ A) - , 

so that, if all the quantities have been lightly taken, 


1>0W c be regarded aa a fanctioi. of L, M, V, .d, and U; and ,f any 
one of tbembe changed, there mil be a ooiresyondmg change in e, and if 
Ae be the sum of all sneh tlianges produced by the changes Aar, aL aM aV 
aA, and Afl, then ’ ’ ’ ’ 

Royal Asteox. Soc Vol, XLIII 


A A 
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How let us put 


dz _ 1 de. 

dm 

de _-p ^ 

dU dm' 


and putting Ae = o, so that equation (lo) may hold good, we have the 
equation 

AaXj + HaIVC -{- Ca"V* -J" Da a -|- EaD -f- A'st — o, 

which expresses Aro- in terms of the corrections Each star will give us an 
equation similar to the above , and supposing that a large number are 
employed, or at least more than five, each equation must be multiplied by its 
proper weight, and then the system of equations must be solved by tlu' 
method of Least Squares How aw is the observed minus the calculated 
parallax, so that the probable error of aw is that of the observed parallax , 
and therefore the weights are inversely proportional to the squares of tlio 
probable errors of the observed parallaxes 

It now remains to find the partial differential coefficients 

M ’ differentiatmg the expression for s with respect to ct, 
remembering that m is a function of w, we have 

= 2 V {<JM—Z) + DnV (l —A)} + 2 (fl'iS'V — — 2ro'AV^ 


But from (9), 


(H+np„)+«n^ = rY, 


= -p/ 


ja_ rY+«p, i‘n 
dm H + lipo 


therefore 
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l^ow 


a-srY —U = >sx (^roY—lipo) = 'Bt f aY + —') 

V dt/ 


therefore, if 




II + X¥„ ’ 

we have finally 

— = 2 Y {aw— Z) + I1I1V (i —A)} -t- 2 S (ry +ui>J^ II 
Tor the next differential coefficient, we have 

% = 2 «) 2=rIlV2 (I - A) |11 , 

and from (9), 


therefore 


But 


I'TTj.rr ^ L ‘211 


|-= ,S = (.-A)-.S)'^ + =.,TS 


dr . , m 

^ = %IL’ 

dU , , dN 

dK . <?N 

du dh 


and 



-L, 


or 


dh 


- 2^AV2 


iiv 

ilh 


therefore 
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and if 

U = ll-'Pln-u (Z-%P)+®rV (X-)'P), 

we have 

rle 

2SU+2mnV'' (l-A) (l-nV) 

Similaily if 

W = Sm—QSn—'u (m—nQ)+'mY 
^ = 2SW+2®rnV^ (i —A) (m — nQ) 

And also 

^ = 2®{ffiM-s+Hnv (i-a)}+ 2S (an+®-r) + 2V{n2(i-A)-A®2+®-nir (i-a)}, 
= -V2 (®2+2®-Hn+n2), 

§ = 2S (aV+l) +2^V^ (I-A) (ll + Up,) 


Finally, to obtain the coefficients A, B, C, D, and E, it is only necessary 

to divide and |g by ^, and therefore those coefficients have 

been expressed in terms of known quantities and the unknown quantitu's 
r, A, and 11 

Eeferrmg to page 173, it appears that there are at present only 10 stars 
which can be employed in foimmg equations similar to 

AaIj B aM 4“ CaT" “hDAA4"EAn+A'sr = o 

whose solution will give the required corrections aL, aM, aV, aA and All ■ 
they are ’ ’ 



Avr 

a Centaun 

// 

0 00 

61 Cygni 

0 00 

Aictums 

— 0 07 

Vega 

+0 03 

Proejon 

+0 04 


With regard to the weights which mu 
those numbers whose arithmetical mean 
It will be found that the probable error 
for 61 Cygni, the probable error is 



Aw 

Capella 

// 

+ 0 03 

Altair 

+ 0 04 

70 p Ophmclii 

+ 0 04 

21258 Lalande 

-005 

34 Groombridge 

+ 0 12 


5 t be given to these equations, from 
was taken as the parallax of a Centaur 
of the mean is ±0" 014, and similarly 
±o"-o32, and since ± 0^064 is the 
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probable error of each, of tbe fo^^r determinations in the case of the latter star, 
we shall assume this error for all the rest, hence the weight of tlic first 
equation is 21, that of the second 4, and of the rest unity. 

Now, by puttmg F, A, and 11 each equal to zero, wo can obtain a fir.st 
approximation to the coefficients A, B, C, D, and E , and then a fir.st 
approximation to the corrections aL, aM, aM, aA, and aQ; but unfortunately 
it will be found that these corrections are large—so large that aL, aTM, and 
therefore aN and r, cannot be neglected in lecoinputing the cocfficienhs in 
order to pioceed to a second approximation If they are neglected, the .second 
approximation will lead us astray by increasing those corrections It would 
therefore be necessary to recompute the whole of the numerical ])iirt of tlic 
work, if It were possible, and to employ the new values of L, M, N, V, F, A, 
and n according to the first appioximation, but it is not possible, because 
the equations (9) and (10) break down and increase the errors act. 

I have spent much time and trouble ni trying to overcome tins (lilliculty 
by varying the method of solution, for instance, by eliminating aL iiiul aM 
by means of a Centauri and 61 C^r/ni, there were tlien only three unknown 
quantities to find from eight equations by the method of Lea.st Squaics; or by 
assuming different values of F, A, and U in the first instance, but, the ro.suItH 
all proved to be unsatisfactory. 

It will be remembered that we had the same difficulty hefori', when 
attempting to find P, Q, and V fiom a' number of .stars, and tliat t,lie 
difficulty was overcome by rejecting the generality of the molliod ; it nuiy 

perhaps be as well to do so again, and to hiythe.se equations aside for the 
present 

Assuming that the solar orbit is ciicular, and hy putting F and A each 
equal to zero, the equations (9} and (10) become 

« = N±fIlZ ^ ^ 

II + ijp„ ’ 1) 

C2 —1[2V2 

- .i ' ,! ■ --—__—____ ^ 

and It will be interesting to know Iioav far these equations will .suit the 
proper motions and parallax of Sinus. It will he remembered that the 
equations (7) and (8) gave a negative value to the parallax, but as H is 
positive, the term HOV in the denommator can be made to correct that 
defect; and It would seem possible to determine H from (ii) and (12) by 
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means of the approximate values of L, M, N, and V, already found, and the 
observed parallax of Sinus ; the latter may be taken, to be o" 21, which is 
the mean of two separate determinations * 

Assuming 11 to be o''*oi2, from (ii) and (12) the parallax of Sinus 
becomes +0" 175 , that of a Centaun, o"-82g , and that of 61 Cygni, ©"430 
It wiU therefore be possible to obtain a system by means of these three stars 
which wdi exactly satisfy their observed parallaxes and proper motions, and 
which will probably give better lesults for the other stars than the system 
formerly adopted ; and as the constants of the new system may easily be 
found, we propose to make this important change 

Let aL, aV, and All be the corrections which must be added to the 
values of L, V, and IT employed above, so that act, the diffeicnce between 
the observed and the computed parallax, may vanish m the case of the three 
stars a Centaun, 61 Cygm, and Sinus , then, m exactly the same manner in 
which Act was expressed in terms of the corrections by means of the equations 
(9) and (10), we can now express act in terms of aL, aV, and All, by means 
of the equations (ii) and (12), always icmcmberiug that the equation 

L\ + M/t-h Ni' = 0 

must now be introduced As belorc, let 


then 


th _ 1 (Jf 

IL"" 

(h _p (If 

cle (If 

(la (Im^ 


-A-aIj -f CaV -}- EaH -j- A'tsr = o 

The following are the expressions for tlie partial differential coefficients. 


de 




fZc 

dh 


2SU-h2wriY2 Q 


±0" 040 


ds 

^ UIlY)4.2tbSn + 2Yri2 + 2wIinV, 

(II + np„), 

o"is Hendeesok, corrected by Petees o" 27 Abbe Pjobable enoi of the mean 
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'7 

o 


where 


and 


S = 




p 


.Jj-XN 


XM- pL 


U = cl - i -' poni - i - qcn—u ( l + pm - i - cjn ) 

The quantities to be coirected are 


L = —o 8696, 
M= —o 1601, 
N = —o 4672, 
Y= +9 9475) 
It == 4-0 0120, 

whence we get the following tables_ 


No 

Star 

log a 

b 

c" 

H 

K 

1 

2 

3 

a Centanri 

61 Cygni 
Sinus 

-9 24551 
+985467 
-9 95832 

“I 342 

-2 315 

-0 525 

X2 923 

26 010 

1791 

+0 7970 
—0 6834 

+ 0 1210 

+i 758 

-3124 

+ 0 114 


No 

log (H + n;.„) 

log 21 

log {a2i~b+ HnV) 

w 


1 

2 

3 

+ 9 90929 

-9 81657 

+ 9 27784 

+1033051 

-1- 10 66616 
+ 850031 

4 - 10 02531 
+10 74437 
+ 970757 

0 829 

0 430 

0 175 

+ 0 107 

— 0 008 

+0035 


No 

.og(.V+|) 

log S 

log { l+^m + qn ) 

logU 

1 

2 

3 

— 10 63679 
-10 56384 

— 10 96464 

““ 10 64605 
+ 1038074 
— 10 92984 

+ 10 08828 

+ 9 48742 
~ 992850 

— 10 93636 

-1092552 

+ I04I979 
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No 

, I 

log - 

^ 2 am 

, I 

2 cLL 

, 1 de 

, I r/e 

2 (/n 

I 

4 II 01620 

+ 1159591 

+ 998597 

+ 11 93323 

2 

4II 74774 

— II 30287 

+ 1037543 

-115C455 

3 

410 69618 

-II 35303 

4 9 26928 

4 11 91228 


And then the equations to be solved are 

+3 799 aL + o 093 aV- f 8 261 All-f o T07 = o, 

— o 359 aL + o 042 aY~ o 656 All —o 008 = o, 

4 53 ^ aL + o 037 aY 4 16 447 aIT + o 035 = o, 

whence 

aL = — o 0144, 
aY = —0 0266, 
aTI = — o 0060 

Now, if the squares and products of aL, aM, and aN can be neglected, we 
have aM =^aL, and aN ^aIj , hut since aL is tolerably large, it will Ix' 
better to determine M and N directly from the equations 

LX+M/i+lTr = o, 

L2 4 M 2 +]Sr2 = I , 

employing the corrected values of L, which is —o 8840 ^ elnuuiatjug N, the 

resulting equation for M is a quadratic, but of course we know winch root 
to take, hence 

^2 4. “5 

so that M =-0 1428, and then N = -04452 ; collecting the new valuch ol 
the constants, we find 

L = — o 8840, 

M = —-o 1428, 

IS" = -o 4452, 

Y = 49 9209, 
n = 4o 0060 
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But when these constants are employed in equations (ii) and (12), it 
will be found that they do not exactly satisfy the adopted parallaxes of 
« Ceniauri, 61 Cygm, and Sinus , the outstanding errors arc 



Axff 

a Oentauri , 

u 

— 0 014 

61 Cygm 

0 000 

Sinus 

— 0013 


and they are due to the magnitude of the corrections, whose squares and 
products are quite sensible ; consequently it becomes necessary to repeat the 
process, or at least a part of it, when the following yalues of the constants 
will be found to exactly satisfy the required conditions — 

L = —o S831, 

M = —o 1439, 

N = —o 4466, 

T = +99430. 
n = 4-0 00665 

The new position of the centre when viewed from the Sun is, for the 
year 1850, 

O ! 

liA 9 15 \ 

ITPD. 63 28 ) 

This point IS about 1° south, precedmg the small double star of the sixth 
magnitude, 65 Piscium (t ), there are three small nebuhe in its imuiccluito 
neighbourhood, of which the nearest and brightest is No 136 in Sir John 
Ilerschel’s General Catalogue (Philosophical Transactions, vol, cliv ), so that 
theie IS nothing visible near the centre to attract, and perhaps divert^ our 
attention 

Before calculating the parallaxes of other stars according to the now 
system, it will be advisable to collect all the necessary expressions and 
formulee, and to tabulate those functions which may be useful afterwards 

Column M in Table I contains the magnitudes of the stars, decimally 
subdivided, and taken from Sir John Herschel’s Ouimes of Astronomy when 
Royal Astboit. Soc. Yol XLIIL b b 
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possible ; the Eight Ascensions m the same Table are given in time to the 
nearest second, hut in the calculations they were previously expressed in arc 
to the nearest minute , the columns “PM, in R A ” and “ P M. in 
E P D which give the pioper motions in Eight Ascension and North l^olar 
Distance respectively, have been taken, when possible, from Mr. Main's Paper 
in vol XIX. of the Memoirs of the Royal Astronomical Society 


6 = UTorth Polar Distance 
<p = Eight Ascension 
00 = Animal proper motion in 6 
^(j) = Annual proper motion in (j) 

-or = Annual parallax, in seconds of arc 

po = Distance in sidereal units = “ 


FOEMULiE 

ofastai, Jan i o, 1850 
in seconds of aic 


^ = Annual change in distance, taking the radius of the Faith’s orbit as tho unit of himkh* 


Z = sin 0 cos (pj 
m = sin 0 sm 
n = cos 0, 

a = ZX “f 
h = XoZ++ vdiVf 

H==ZL-l-mM+^iN', 

K = 

2 V (aw-6+nnT)’ 

dt fUT 


cl = % cos (j) 00—mor/i, 
dm = % sin (p 00 -f Zfr/), 
on = — sm 0 00 

logX = -- 9 16642, 
log/i = - 9 91350, 
log v = + 9 74360 , 

log L = — 9 94601, 
logM =-915806, 
log N = — 9 64992, 
log n = + 7 82282, 
log DT = 4. 8 82034, 
log 2V = +11 29855, 

= o 0044 
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Table I 


Ko 

Star 

M 


EA 


PM in 
RA 

1 NPI) 

P M in 
N I> D 

I 

a Centaurx 

0 6 

brs 

14 

mm 

29 

see 

27 

_ 

bCC 

0471 

0 

150 

/ 

13 

•t 

-0 78 

2 

61 Cjgni 

5 5 

21 

0 

II 

+ 

342 


59 

"“3 ^ I 

3 

a Cams Majoria (Simbb) 

0 I 

6 

38 

32 

— 

035 

106 

31 

+ 124 

4 

a Bootis (Arotmus) 

08 

14 

8 

49 

— 

079 

70 

2 

+195 

5 

a LyrjB (Vega) 

I 0 

18 

31 

51 

+ 

017 

51 

21 

— 0 28 

6 

a Cams Minoris (Fi ocyon) 

I 0 

7 

31 

27 

— 

048 

84 

24 

+1 08 

7 

a Anrigas (Cajpella) 

I 0 

5 

5 

37 

+ 

008 

44 

10 

+0 43 

8 

a Aquilae (Altair) 

I 3 

19 

43 

28 

+ 

036 

81 

32 

- 0-38 

9 

70 ^ Oplimchi 

45 

17 

57 

53 

H- 

017 

87 

28 

+j 09 

10 

21258 Lalande 

S 5 

10 

57 

39 

— 

386 

45 

41 

f 136 

II 

34 Groombridge 


0 

9 

52 

+ 

255 

46 

50 

-0 37 

12 

a Uisa 3 Mmons (Folayis) 

2 3 

I 

5 

I 

4 

065 

I 

29 

0 00 

13 

1 Ursa 3 Ma]oris 

3 5 

8 

48 

55 

— 

o {-7 

it 

0 

4 0 28 

14 

1830 Groombiidgo 

65 

II 

4 -^ 

19 

+ 

314 

51 

12 

1 5 70 

IS 

<T Di acorns 

5 0 

19 

32 

3 S 

"b 

096 

20 

3 ^> 

4 I 79 

16 

17415 Oeltzen 

9 0 

17 

37 

17 

— 

07 

21 

33 

4-1 20 


Table II 


Eo 

lug 1 

log m 

log n 

log Bl 

log Btji 

I 

-9 59635 

-947924 

-9 93S47 

— to 42619 

4-10 37621 

2 

4 9 74629 

-9 74554 

+9 7S950 

4-10 17609 

4- TO 62469 

3 

-9 20531 

+9 97553 

-945377 

+ 9 74429 

- 941996 

4 

-9 90055 

-9 69971 

+9 53336 

— JO 06108 

+ 9 77x59 

5 

+ 9 03439 

-9 88843 

+9 7955S 

4- 9 23805 

+ 9 30320 

6 

-9 58741 

+9 96237 

+ 8 98937 

+ 9 79^^9 

+ 9575x9 

7 

+ 9 2x441 

+9 83073 

+ 9 85571 

- 7 95424 

+ 9 50515 

8 

+ 9 63500 

-994939 

+ 9 16S01 

4 - 9 65896 

+ 9 45'79 

9 

-7 96845 

-999956 

+ 8 64543 

4 - 940483 

- 8 70757 

10 

-9 83833 

+9 28377 

f 9 84424 

4 - 9 29667 

+10 62798 

II 

+ 9 86255 

4 “ 8 49^^® 

+ 9 83513 

- 957171 

+ 1044348 

12 

+8 39536 

+7 85996 

+ 999985 

— 7 84896 

+ 838436 

13 

-964759 

+9 68959 

+ 987535 

+ 9309^53 

+ 967117 

14 

— 9 89071 

4-8 72619 

+ 979699 

— 10 58410 

— TO 576x1 

15 

4-9 I4II9 

-950984 

+ 997130 

4 -10 05115 

-TO 12743 

16 

—8 56081 

-9 56290 

+ 996853 

- 969373 

— TO 030T9 


+ 9 58820 
+10 38919 

— 10 075 18 

— TO 25864 

+ 9 339^^0 

— ro 0313,1 

— 9A1(>SS 

+ 9S7S03 

— TO 0370* 

— 9 9881 ] 

+ 9 4 Zii^ 

— Co 

9 267x7 

— 10 6i:J76o 

— 9 79920 

— 9 6*^422 
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Table III 


ITo 

log« 

h 



H 

K 

log (H + npy) 

log (K + 

I 

-924551 

-I 342 

12 923 

+07796 

4-1 841 

+ 9 89581 

4“ 10 26221 

2 

+985467 

-2315 

26 010 

- 

6874 

-3 025 

— 9 82711 

-1047392 

3 

-995832 

-0525 

1791 

4- 

1327 

+0 079 

+ 9 21590 

4" 8 27184 

4 

+985509 

-I 321 

4965 

+ 

6219 

+ 1742 

+ 9 81776 

4-10 25261 

5 

4-9 98408 

— 0 069 

0 118 

- 

2632 

—0 279 

— 9 22220 

- 933244 

6 

-9 80659 

-0995 

I 680 


1660 

— 0 I2I 

-h 9 40807 

— 9 21219 

7 

—9 25888 

-0427 

0 192 

- 

5625 

-f-o 096 

-952270 

4- 8 92428 

8 

+987367 

— 0 091 

0 429 

- 

3188 

—0 611 

-943648 

- 974974 

9 

+992655 

-0599 

I 253 

+ 

1322 

+0 269 

+929973 

+ 951JS8 

10 

+951943 

—4 048 

19 014 

+ 

2689 

-0351 

4-9 46687 

— 9551720 

II 

+ 9 39^75 

— 2 071 

7 920 

- 

9536 

—0191 

-996355 

- 924304 

12 

+ 9 73584 

—0 019 

0 001 


4694 

+0 003 

+9 61458 

+ 859106 

13 

+ 890363 

-0517 

0 296 

- 

0133 

-0 165 

—8 08279 

— 9 2041:2 

14 

+ 9 62086 

4-1 189 

48 659 

4 - 

3991 

+5 915 

+960379 

4-10 7740r 

15 

+9 8827s 

+0585 

3 461 

- 

4937 

-0519 

—9 69046 

— 9 67117 

i6 

+991392 

+0 707 

1588 1 

- 

3307 

+0 788 




Table IV 


No 

log^ 

Hnv 


log wr 

w 

Po 

<tp 

dt 

I 

4-10 36640 

+ 0 052 

+ 999317 

997130 

// 

0 936 

I 07 

— 2 48 

2 

4-10 64681 

- 

046 

+10 73576 

962530 

0 422 

2 37 

-1051 

3 

+ 905594 

+ 

009 

+ 963448 

9 32224 

0 210 

4 76 

- 054 

4 

+1043485 

4- 

041 

4-10 52009 

927369 

0 188 

5 33 

-14 49 

5 

4-10 11024 

— 

017 

4-10 11227 

8 83838 

0 069 

1451 

— 18 70 

6 

~ 9 80412 


on 

+1015045 

8 86948 

0 074 

1351 

•{- 8 60 

7 

— 940158 

— 

037 

+ 963949 

846336 

0 029 

3441 

+ 8 67 

8 

+1031326 

— 

021 

4-10 20629 

9 16327 

0 146 

687 

-14 13 

9 

+ 10 21215 

+ 

009 

4-1029754 

8 99553 

0 099 

10 10 

—1647 

10 

-1005033 


018 

4-10 56761 

9 44071 

0 276 

3 63 

+ 407 

II 

+ 927949 


•063 

4-10 31281 

9 28912 

0 195 

5 14 

— 0 98 

12 

+ 8 97648 

— 

031 

4- 8 60206 

7 87754 

0 008 

132 57 

-12 56 

13 

+ 11 12133 

— 

001 

4-10 19728 

10 74756 




14 

4-II 17022 

4 - 

026 

4-10 70053 

10 42851 




15 

4- 998071 

- 

033 

-h 9 04922 

10 29291 




16 
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Prom the last Table it appears that the system has been greatly 
improved, excepting the two stars Procyon and 70/) Ophivchi, tlic calcu¬ 
lated parallaxes of all the rest have approached their observed values, and 
the sum of the squares of the errors of ato- (given in page 180) have been 
1 educed from o 0284 to o 0246; and, moreover, both Smtis and Polans arc 
now included in the system 

A few remarks are necessary about some stars not fully discussed before, 
these are as follows 


SiBIUS 

It will be observed that the computed radial velocity of this star will be 
quite insensible in the spectroscope, but Dr tlxiGaiNs found it to be 
so that a difficulty presents its'elf Now Dr Vogel’s observations made tlu' 
velocity only half that amount, or about +2, 5, so pcihaps this is the extiuit 
of the error due to the imperfect state of the theory , and as we know that 
very small changes in the constants will greatly affect Smns, the diHeronce 
between observation and theory may really be very small. Moreover, ihe 
irregularities of the proper motions of Sirtiis have been proved to be due t,o 
a binary system combining the blight with a dark star; no allowance has 
been made for the effect of this orbital velocity, and I am not in possession 
of the data necessary for its calculation 


i UnsjE M A joins 

This star is very nearly 90° from both the solar apex and the centre ; 
m this position the slightest change in the constants will have very great, 
effect upon the parallax, and assuming that the paiallax of o'^ 133 found by 
Dr Peters is correct, we should lather reverse the process and deternuno 
some of the constants by means of this star The parallax really found is 

very large, but it has been omitted in Table IV because it is not trust¬ 
worthy 


1830 GtROOMBEIDGE 

It IS to be noticed that, for this and the remaining two stars, the function 
b IS positive, while h is negative for all the rest, by referring to the expres- 
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sions for a and 5, tins circumstance expresses the fact that these three stars 
move towards the solar apex, while all the rest we have considered move 
from it. 

The observations for the parallax of 1830 Groombridge have given con¬ 
tradictory results; Dr Wichman found a paiallax of d' 72, while that of a 
comparison star was i" 17; Dr Pbtees made it d' 226, and M Fave, i" 08, 
our system crowns these with a parallax of 2" 68, but these numbers must 
not be legarded as trustworthy I am at a loss to account for the failure in 
this case, the proper motions employed aie those of Dr Aegelander given 
in the British Association Catalogue, and they have lately been confirmed by 
observations at Greenwich, according to Mr Lynn. 

(T Draconis 

The parallax is o"-2 55 accordmg to Dr Beunnow, but the proper 
motions found by Mr Main make the theoretical parallax i" 96, which must 
be rejected, again there is no apparent cause for failure 

17415 Oeltzen 

The pioper motions employed were given by Mr Lynn; perhaps I have 
made a false entry, at least these motions do not suit the system at all, 
because they give a negative parallax Thus, from eq^nation (12) we can 
easily obtain the following quadratic for u 

(M-a'ErY)2 = (awY)’—(c^-n2V2)_2TO-V (Z^-llIIY), 

and it will be found that u will be impossible unless to- be greater than about 
o *3; but, fioin equation (ii), u will be negative unless to be very much 
smallei, so that u must be negative, and to also, because a and b arc both 
positive, hence there is complete failure for the third time A parallax of 
o" 247 has been assigned to it by M Krugee , but as I have seen the same' 
parallax applied to the star 7515 Oeltzen, perhaps there has been some error 
of a more obvious nature than in the other two cases 

Table Y contains these lesults foi parallax , the numbers in the column 
Observed Parallax” are those adopted as already mentioned in the case of 
each star; the numbers in the column “Computed Parallax” are taken 
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directly from Table IV ; the differences, aw, arc given in the last; the sum 
of the first twelve differences is +o" 277, so that the mean difference is only 
+ o"'223 

Table Y 


' 

No 

Star 

Ob St rved 

P iiallax 

I 

a Centauii 

// 

0 936 

2 

6r Oygni 

422 1 

3 

Sirms 

210 

4 

Arctiiras 

127 

5 

Vega 

090 

6 

Procyon 

123 

7 

Capella 

046 

8 

' Altair . . 

181 

9 

70 p Opkmclii 

160 

10 

21258 Lalande 

260 

11 

34 Groombridge 

307 

12 

Polaris 

067 

13 

1 UrsoD Majoiis 

133 

14 

1830 Groombridge 

? 

15 

(T Dracoiiis 

255 

16 

17415 Oeltzen 

247 


Computed 

Till 


If 

o 936 
422 
210 
188 
069 
074 
029 
r \G 
099 
276 

195 

008 

P 

laigo 
hii go 
negative 


A xcr o — c :3 

If 

0 000 
000 
000 
*— 06 i 
4 - 021 
4 049 

4 or7 
H- 031; 

4 061 
— 016 
4 n 2 
4 059 
? 


Before a general discussion of radial velocities, it will be as well to refer 
to those already computed, on account of their great importance ivhen 
considered conjointly with parallax 


Star 

Arctiiriis 

Yega 

Altair 

Procyon 

Capella 

Sinus 


Observed Rad Vol 
— 19 o 

-17 5 
-13 3 
412 P 
4. ? 

4 5 2 P 

The reasons for adopting the numbers in the column of “ Observed 
Radial Velocities ” have been stated in the case of each star ; the results for 


Comx>utod Jbul Vol 

~I 4 S 

— 18 7 

— 14 1 
4 86 
4 87 

— 05p 
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the first ^Lve stars may be considered as highly satisfactory; as for Sirius, it 
has been already stated that considerable nncertainty attends both the 
observed and the computed radial velocities • omitting this star, the mean 
error m ay be said to vanish 

Bnt Dr, Huggins has observed twenty-five other stars with the 
spectroscope, and these remain for discussion A new difficulty now presents 
itself; tHe proper motions of many of them are so very small that no reliance 
can be placed on the actual figures , that is to say, when a proper motion is 
stated to be o"oo, or ±o"oi, it is quite clear that three places of decimals 
are required for numeiical accuracy—a degree of precision which is at 
present altogether unauthorised Again, some of these stars with very small 
proper motions aie theoretically at such immense distances that we could 
hardly Hope for success , indeed, it will be remembered that, at the very 
beginning of the article, we proposed to confine our attention to the nearer 
stars which would be liable to the same systematic errors, so that those 
errors should be elimmated to a great extent, considering the stars inter se , 
consequently it wdl be necessary to reject the following stars as tests of the 
theory. 


Star 

PM inHA 

P M in N P n 


sec 


ft Ononis 

+ 0 001 

0 00 

j 8 Ononis 

— 0 001 

+ 0 02 

a Oygni 

+ 0 002 

+ 0 01 

y Oygm 

0 000 

— 0 02 

a Pegasi 

+ 0 003 

+ 0 02 

y Pegasi 

0 000 

+ 0 02 


Again, there are eight stars which are unfavourably situated , they aie, 
a and J 3 Geminorum, a, /S, y, S, e, and ? Ursoe Majons ; in the case of each of 
these stars H is small, and the parallax and radial velocity hable to con¬ 
siderable nnceitainty 

Out of the twenty-five stars there remain only eleven which we would 
select ; they are* 


a, y, 0 Leonis, 

77 Ursse Majoris, 
a Viigmis, 
a CoroiiEe Boiealis, 


a Tauri, 
y CassiopeidB, 

€ Bootis, 
ft Andromedse, 


and the computations are given m the following Tables •— 
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Table Y1 



Star 

M 


R A 


PM in 
RA 

I RPD 

1 PM in 
NPD 

17 

a Leonis (Megulus) 

1 6 

hrs 

10 

min 

0 

feec 

23 

soc 

—0 0x9 

0 

77 

f 

18 

tf 

— 0 01 

18 

(} Leonis 

2 6 

XI 

41 

24 

— 036 

74 

35 

4-0 10 

19 

7 Leonis 

2 3 

10 

11 

42 

•f 019 

69 

24 

+015 

20 

^ Leonis 

2 9 

II 

6 

7 

+• 011 

68 

39 

+014 

21 

7 ) Ursae Majoris 

2 2 

X 3 

41 

37 

— 012 

39 

56 

+0 03 

22 

a Virginis (S^tca) 

X 4 

X 3 

17 

18 

~ 005 

100 

23 

+0 04 

23 

a Coronas Borealis 

2 7 

IS 

28 

20 

4- 009 

62 

47 

+0 07 

24 

a Tanri (AldebarnTi) 

I I 

4 

27 

19 

-f 004 

73 

48 

+017 

25 

7 Cassiopeias 

25 

0 

47 

42 

— 008 

30 

6 

—0 02 

26 

€ Books 

2 8 

14 

33 

26 

— 005 

62 

17 

— 0 OT 

27 

a Andromedae 

25 

0 

0 

39 

-f 009 

61 

44 

+0 IS 


Table VII 


1^*0 

log 1 

log m 

log n. 

log 

log 5 ?n 

log 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

=7 

— 9 92721 

— 9 98266 

— 9 92092 

-9 95701 

-9 76331 

— 9 ^6'/62 

-9 73757 
H -9 57724 

+ 9 69079 

-983375 
+ 994485 

■ 4 “ 9 68689 

89294 

+9 62934 
+9 33625 
-9 43985 

-9 S1274 
—9 84606 

+9 94589 

+ 9 OIS77 
-9 75165 
+ 7 40858 

+9 34212 
+9 42461 

+9 54635 

+9 56118 

4- 9 88468 
-9 25583 
4-9 66025 

+ 9 445 S 9 
+ 9 93709 
4-9 66755 
4-967539 

+9 14922 
•+"8 20412 

—9 22531 
—8 92942 
—8 84510 
-8 25527 
+ 8 87506 
-8 53148 
-7 69897 
— 8 59106 
4-8 85126 

4-9 33021 
“f 9 71684 

“9 33041 
-9 13988 
+ 8 97772 
+885733 
-8 99564 
+ 8 81954 
-8 79934 
+ 8 73239 
+ 9 07555 

•f 7 98924 
— 8 981.09 
-9 14739 

-9 11525 
-8 28458 
-8 59489 
-8 79414 
—9 21285 
4-8 00131 
+ 7 94707 
-9 12094 


C C 
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Tabib VIII 


No 

log a 

b 


H 

K, 

log (H+ npo) 

Iog(K + anT) 

17 

-918355 

—0 212 

0 078 

+05787 

— 0 163 

+ 993961 

— 9 23805 

18 

+935064 

-0483 

0 281 

4 - 7186 

— 0 046 

4 - 9 9 ^ 44 ^ 

—8 49136 

19 

—8 50243 

+0 073 

0 094 

+ 5177 

+ 0 242 



20 

+ 9 19562 

+0 053 

0043 

+ 6061 

+ 0 153 

+ 980645 

+ 9 21219 

21 

+ 9 86664 

—0 078 

0 014 

+ 2092 

+0057 

4* 10 18730 

+9 03531 

22 

+948159 

—0 078 

0 007 

+ 9470 

+ 0 023 

4-10 86038 

+ 8 63347 

23 

+995832 

4*0 036 

0 019 

+ 3793 

— 0 024 

4 - 9 82066 

+ 8 55630 

24 

-979332 

—0 140 

0 032 

- 5853 

+ 0 093 

“ 931952 

+ 8 71600 

25 

+9 50840 

+ 0 058 

0 004 

— 8346 

4-0 009 



26 

+991397 

-0 034 

0005 

+ 4758 

4-0 023 

4-10 99410 

+ 8 88649 

27 

+911760 

—0 181 

0037 

- 9897 

— 0 021 

- 972165 

— 8 07918 



17 -9: 

18 -8 ; 

19 

20 +9, 

21 +8 i 

22 +7 ' 

23 +8 - 

24 “ 9 ; 

25 

26 “f 7 < 

27 -fS ^ 


HnY 


log VT 

W 

Po 

(fp 

(it 

4-0038 

4-9 44560 

8 29724 

U 

0 020 

5044 

+ 958 

+ 048 

+ 9 71933 

8 42616 

0 027 

3748 

4- I 20 

4- 040 

+ 8 43136 

9 28712 

0 194 

516 

- J 31 

+ 014 

+ 9 15534 

7 72220 

0005 

189 60 

-13 06 

+ 063 

+ 9 15534 

7 02323 

0 001 

947 90 

— 5 62 

+ 025 

+ 857978 

8 37694 

0 024 

41 98 

— 2 28 

- 039 

+ 9 40993 

8 24576 

0 018 

5679 

4-14 IS 

+ 031 

+ 8 85126 

6 85019 

0 001 

1412 00 

— II 02 

- 065 

+ 9 07555 

815738 

0 014 

69 60 

" I 59 
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^ Now, by referring to the Paper read by Dr. Huggins before the Royal 
Society m the year 1872, it will be found that be considered none of the 
observations made upon any one of these stars as satisfactory, some were 
only once observed under unfavourable cu’cumstances , and all icqiurecl 
confirmation. 

Again, it appears that the subject has been taken, up at Greenwich, and 
some of the results are published in the Monthly Notices for November 1875 , 
and it very fortunately happened that the pamphlet was sent to me for a 
different purpose. Prom the manner m which these observations are recorded, 
the great difficulty and uncertainty is made so apparent, that perhaps these 
computed radial velocities are as fairly m accordance with observation as tlu' 
present state of circumstances wdl allow us to expect 

Thus, out of the eleven stars, five are m accordance with the observations 
of Dr Huggins, as far as the direction of the motion is concerned, namely: 

Coinputod Eatl Vel 

Eegulus -1-96 

/3 Leonis ^ 4-12 

Aldebaian 4-142 

e Bootis —. XI '> 

a Andromedsa _ ^ ^ 

and there are two similarly in accordance with the observations at Greenwich: 


__ . Compiitud Uad To] 

rj Urs£e Majons — t r 

13 j 

a Corona3 Boiealis _ ^ - 

^ 3 

But there are two which maybe wrong: 


^ Leoms 
Spica 


Coinjmlod Jlud Yul 

~ J 3 
- 


and there still remam two stars, y Leonis and y Cassiopeiai, for which no 
results can he obtained. 

- It therefore happens that these general ohserTations do not greatly assist 
ns, and irithout the stars Arctums, Altaic, and Procym, the theory 

would not have been tested in a satisfactory manner. 

A few words in conclusion respectmg the whole systemi-The component 
members will aU revolve about the centre in the same time, which may easily 
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be found fiom the Sun’s motion. Thus ^ is the angular motion of the Sun 

JLU 

round the centre in one year, expressed m circular measure, and 
is the same velocity expressed in seconds of arc; but R sm i" = = 

theiefore ^ ^ = HV, a quantity which has continually occurred, and 

whose logarithm is given among the formulae The angular velocity of the 
Sun about the centre is therefore o"06612 per annum, and the Sun will 
require about 20 millions of years to perform a revolution This is the 
Annus Magnus which restores all the stars to their same relative positions. 

It was conjectured by Sir John Heeschel, and perhaps rightly, that 
the centre of any grand motion must he in the plane of the Galaxy; but it 
must be remembered that the Sun is probably situated somewhat to the north 
of that plane, and therefore, when we look towards the centre, the line of 
sight must pass through the Galactic Plane, and it may possibly happen that 
the centre is situated 1:^ that stratum of stars, although its comparative 
proximity projects it far below the Milky Way. 

With regard to the whole mass of matter contained within the sphere 
whose radius is R, and which therefore acts upon the Sun, the well-known 
equation 




■wdl give Sm, the whole mass of matter, m terms of T and R, the periodic 
time and mean distance respectively. Taking the mass of the Sun as unity. 


zm : 


5 ! 

rji2 


(31,020,000)2 

(19,600,000)2 


77,680,000 , 


or the whole attractive mass is about 78 million times that of the Sun 

Now, from the gauges of the two Hbrschels, it appears that the stars are 
distributed in strata parallel to the Galactic Plane, and that the star-density 
of these stiata diminishes on either side of the plane according to some 
function of the distance. Hence we cannot form an estimate of the number of 
the stars whose collective mass has just been found, without a discussion of 
those gauges, but, assuming that the stars are uniformly distributed at three- 
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fourths of a sidereal umt apart, their number in the sphere whose radius is B 

would he about > oi" 34 millions , hence, on an average, the stars 

must be nearer together, or the average mass of each star must be larger than 
that of the Sun, but most probably the effect of clusters has thus become 
apparent. 

It will be remembered that no allowance has been made for the variation 
of star-density in the present article, and this was one of the chief reasons 
why the problem was restricted to the nearer stars ; however, I have no wish 
to enter into these discussions at present, although a few words scoincd 
necessary to show that there are no a prion objections to the theory ; but, on 
the other hand, I would point out the importance of confirming the stellar 
parallaxes already found, of obtaining a few more, and of observing all tliosc> 
stars with the spectroscope. The question of parallax mates the jiroblcrn a 
restrictive one with regard to the number of stars to be employed ; but, wilh 
fifteen or twenty fundamental stars to work upon, the constants of the Hystem 
may be accurately determined by those equations of condition ivluch gave so 
much trouble before; and, as I have every reason to believe that no great 
improvement to the system can be made until this may be cfrccted, the 
publication of the theory in its present unperfcct state becomes absolutely 
necessary for its further progress 


Jamatoa, Sejpiemher 1876 



yi Memoire mr la Periods, commune a la Frequence des Taches Solaires et 
a la Variation tie la Declmaison Magnetique Par M. le Docteur 
Rudolf Wolf 


II y a pres d un siecle que Cheistian Hoeefbow presuma niie pdriode daiiB 
la frequence des taches solaires,* et un demi-siecle depuis que Heineich 
ScHWABE commenja le denombremcnt rdgulier de ces taches, lui permettant 
de se prononcer bientot en faveur d’une telle pdriodicitd; mais Hoeefbow 
neghgea de publier ses id^es, et Schwabe ne rdussit d’abord qu’a con- 
vaincre quelques-uns de ses contemporains de la rdalitd et de rimportauce 
des rdsultats obtenus. L’ann^e 1852 restera memorable a jamais pour a^oir 
changd tout d’un coup cette situation d 4 favorable . c’est alors que Sabim 
d^couvrit que les deux courbes, doiit Fune reprdsente la frequence des taches 
et I’autre la frequence des perturbations inagn 4 tiques, s’accordcnt singuhcre- 
ment , et que Gadtiee et moi, sans avoir connaissance de cette docoiiverte, 
non encore publi 4 e, nous trouvfi-mes, ind^pendamment Fun de I’autre, le meme 
parallelisme entre la courbe de Schwabe et la courbe des variations de la 
d 4 clinaison magndtique donn4e par Lamont 

II va sans dire que ces coirespondances inattenduos frapp^rent tout le 
monde, et il me sembla done de la plus haute importance d’dtudier a fond 
leur reality, revoqude en doute par quelques-uns de ces savants qui n’aiment 
pas accepter un fait dtonnant dont la ddcouverte leur a dchappd. Je n’hesitai 
pas a rassembler et a discuter tous les documents relatifs a cette question, et 
je parvins a publier, vers la fin de Fannde 1852, les premiers rdsultats de mes 

"Voir la page 654 de mon ouvrage, GescJuchte dev Ash onom%e Mimohen, 1877 
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reclierclies, et a piouver, par I’ensemble des observations recueillics, que la 
frequence des taches solaires persists h changer 'pSriodiquement diqinis leur 
decouverte en i6io , que la longumr moyenne de la pinode est de iij, nns^ et 
que cette m&me periods satisfait aux changements de la variation magncilque 
et m^me de la frequence des aurores horiales Depuis lors jc continual a 
rassembler les documents publics et in^dits sur I’histoire du solcil ct des 
pbenomenes correspondants, et j’en ai donnd dans ma publication intitulec 
Astronomische Mittheilungen une s6rie de 300 k 400 numcros, doiit la listc 
suivante fournit un apergu Depuis la decouverte des taches solaires cn 1610 
par Johannes Fabricitjs on les a observdes — 


Annies 


Observateurs 


Litteiatino 


1610-4:613 


Thomas Hamot 


MSS a Fetwo^th (Mitth 6, c^traii) 


1611-1667 


1642-1661 


Schemer, Galilei, Marms, 
Gassendi, Riccioh, 
Kircher, etc 

Johannes Heyel 


Schemer, Eosa Ursma, Galilei, Maccluo Solan , 
Manus, Mnndus Joyialis, et Boschioibunf^ des 
Oometen IJ619, Gassendi, Opera, etc 

Hevel, Selenographia, Oometogiaplna, ct Epis- 
tolas 


1655-1690 


Bosius, Petitus, Yogehus, 
Weickmann, Siyems, 
etc 


Buhamel, Astronomia , Fiick, Bedcnlcon von den 
Oometen, Yagetius, De Maculis, etc. 


1671-1748 Picard, Cassini, Lahire, 
Maraldi, Delisle, etc 

1680—1748 Gottfried et Christfried 
Kirch 


j 1680-1713 
I 1702-1736 

i 1705-1726 

! 

j 1716-1738 


Eimmart, Ihle, Wurzel- 
bauer, "Wiedeburg, etc 

Manfredi, Blanchini, 
Derham, Fenillee, etc 

Francois de Plantade 

Host, Muller, Alischez, 
Adelbulner, W eidler, 

etc 


Histoire del’Academie des Sciences , Journal des 
Sayans, Hecueil d’Obseryations , etc 

MSS a Berlin (Mitth 23, extiait) , Kirch, 
Himmelszeitung, etc 

Scheibel, Bucherkenntniss, Wnizelbatior, XJranics 
Koricae, Wiedeburg, De Maculis , otc 

Manfredi, Descrizione d’ alcuno Macchie , Blan- 
chini, Obseryationes Asti onomicic, PluloB 
Tiansact , etc 

MSS a Montjpelher (Mitth ii, cxtrait) 

Sammlung Breslamscber Medicis, Mullor, Obsor- 
yationes, Adelbulnei, Commerciuin , etc 


1739-1751: 

1749- 1799 

1750- 1799 

1754-1760 


F de Hagen , 

Joh Gasp Standacher 

Darquier, Lalande, 
Messier, etc 

Schubert et Zucconi 


I 


MSS a Boulkova (Mitth 9, extrait) 

MSS aNmemheog (Mitth 4, extrait) 

Darquier, Observationes, Histoire de I’Academio 
des bciences, Oonnaissance des Temps; otc. 

Kayser, Eesultate aus Beobaebtungon von Son- 
nenflecken, Zucconi, De Heliometn Structnra 
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Annies 

Ob&erYateurs 

1761-1806 

Muller, Poezobut, Bugge, 
Bunn, Fixlmillner, etc 

1767-1776 

Christian HorreboTY 

1769-1803 

Wilson, Sclmlen, 

Herschel, Schrotei, etc 

1773-17S6 

Jacques-Andre Mallet 

1774-1822 

Joh Elert Bode 

1775-1802 

Wolf, Boscovich, Hahn, 
Strnadt, YonEnde, etc 

1781-1818 

Placidus Heinrich . 

1788—1830 

Honore Plaugergues 

1797-1821 

Gememer, Putsch, Gruit- 
hnisen, Biela, etc 

1813-1837 

Augustin Stark 

1816-1836 

C Tevel 

1819-1823 

C H Adams 

1819-1833 

J W PastoijT 

1821-1835 

Argelander, Aiago, Pons, 
Bohm, etc 

1825-1826 

Von Both 

1826-1868 

Heinrich Schwabe 


1841-1875 

1845-1860 

1847-X875 

1853-1861 

1859- 1875 

1860- 1875 


Julius ScLmidt 

Henrj, Sestini, JVCain, 
Kreil, etc 

EudolfWolf . 

Hicliard Carrington 

Heinrich Weber 

Waldner, Leppig,TaccHni, 
Schott, Sporer, De la 
Hue, Secchi, Jenzer, 
Franzenau, etc 


LiLteiatiiio 

I, Smith, Cours d’Optique , Buggo, Obsor vaiionos , 
Fi’sclmillner, Decennium Astronomjcum, oic 

MSS a Oopenhague (Mitth 19 ot 33, extrait) 

Philos Transact , Schiilon, Bcitiago ziiv Di- 
optrik, Bode’s Jahibucli, otc 

MSS Oj Geneve (Mittli 7> oxtrait) 

MSS a Be 7 hn (Mitth 23, oxtiait) , 33 oclo\s Jalir- 
buch j 

. Bode’s Jahrbueli , Boscovicli, Opci.i , ISndo, 
GeograpBische OrisbostxininangoTi, etc 

1 Z) 9 S a Mumch (Mitth 8, cxtiait}, Bodo’n 
Janrbnch, Zach, Monatl Coriosj) , etc 

V (Mitth 13, cxirait), JJodo’s 

Jabrbucli, Connaisfeaiico dos Temps , etc 

Bode’s Jahrbuch, Zach, Monatl Coiiost) Ah- 
tron Machrichten, otc ’ 

Mctoorologisclio Jalubuchor 

IfSS d 9, ox-tiiut) 

MSS. a Imiclres (Mitth ovkait) 

MSS diojid/os (Mitth 36, oxtiail) 

Arago, CEavres, Bohm, Boohachlinigen voii 
Sonnonflockon; Mitth 6, otc. 

MSS d Breikttt (Mitth 33, oxtrait) 

d DciMK, (I i) Louth vs 

(Mitth 10, extrait pour 1826-48, Ich obsoi- 
Tations des anneos suivantos soiit lointcs aux 
miennes dans Mitth. i, otc ) 

Schmidt, Resnltato aus ii-jaliTigeti JJtiobaoh- 
tangen, Astron Nachnohton; Mitth 25, otc. 

Washington Astron Ohsorvatioiis Mitth 1 c 
21, etc 

Berner Mittheilungen , Astionomischo Mittlioi- 
iungen. 

CaningtM, Ohsorrations of the Spots on the 
PhysicT^Sr Jacaoarolios on Soltu- 

Woohenschnft fur Astronomie, Mitth 16, otc 

Astaon M^hriohten Eeport of the Coast 
Survey, Memone della Societadeeh Snettm 

Kh.*xMr’ Meteorol BoSio; 
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Cette longue s6rie d’observations me procuiait les moyens necessaires pour 
determinei avec assez de siirete cliaque dpoque de maximum et de minimum 
survenue depuis la decouverte des tacbes solaires, et d’en conclure la longueur 
de cbaque pdriode Je donne ci-jointe la table de ces dpoques et pdnodes, 
partagee en deux series 


Picmike Sine 

Soconde Siiic 


Maxima 

Minima 

Maxima 

1610 8 

83 

1619 0 

15 0 

16340 

II 0 

1645 0 

10 0 

16550 

11 0 

1666 0 

. 135 

16795 

10 0 

1CS9 5 

8s 

1698 0 

14 0 

1712 0 

11 5 

17235 

17340 

16155 

10 K 

1626 0 

16395 

9 ^ 

1649 0 

11 0 

1660 0 

11^ 0 

1675 0 

1685 0 
. 80 

1693 0 

12 5 

17055 

17183 

17275 

r, 1^2 

I73S7 

17450 

10 2 

17552 

II3 

17665 

90 

17755 

9 2 

17847 , 

136 

17983 

12 3 

1810 6 

18233 

10 6 

1833 9 
„ 96 

1 1843 5 

12 K 

18560 ^ 

11 2 

1867 2 

17503 

II2 

"‘■s a, 
.7697 

177S4 

17881 

0 ’6 I 

1804 2 

12 2 

18164 

18299 

1837 2 ^ ^ 

to 0 

1848 1 

1860T 

18706 

11 20±: 2 II 
±0 64 

II 20 ± 2 06 
±063 

1 

II II ± I 54 

±047 

10 94± 2 52 
±0 76 


en y ajoutant les periodes moyennes et les erreurs moyennes d’une deter¬ 
mination (roscillation de la p 4 riode) et de la moyenne (I’lnccrtitude dc la 
moyenne). En etudiant cette table on reconnait facilement qu’il n’y a pas 
une difference prononcee m entre les resultats d6duits de la premiere et de 
la seconde sene, m entie ceux denves des minima et des maxima II cn 
lesulte que la moyenne des 44 determinations 

a a 

T=ii iirj-2030 (oscillation), 

+ 0307 (incertitude) 

donne la valeur la plus sure pour la longueur de la pdnode, et il est a 

rmarqner que cette valeur coincide jusqu’d la derniere dicimale avec celle que 

fat deduiteen 1852 de 12 dpoques seulement, et sans connaitre alors ni les 

# 
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belles seues cIgsHaeriot, KiRcn, Feantade, Hagen, Staudaciifu, Sciiubeei’, 
TIorefbow, Heinrich, Feaugeegubs, Tevee, Adams, Pastoefe, etc , ni les 
senes completes obtenues clans le quart de siecle c^ui s’est 6eoul(' clc[)ius 
1852 Le seul moyen de fixer cette valour plus exactement encore ipie jo 
ne I’ai fait est cle completer les series d’observatLons lassenibldes par luoi, 
mais personne ne I’a fait jusqu’a present Ceux ([lu so sent effoi-cds de la 
changer ne se sont basdsque sui mes publications; ils out siniuld de &(> ludlior 
fie rna premiere serie, et ils out change sans fondeinent lua socoiide sdru' on 
(leplagant quelques-unes de mes epoques ii la fiii dn dernier sidcle et an 
commencement dii siecle present, pour intercaler une nouvellc pdriode (jue 
personne n’a observee, et tout cela pour saiivor a tout pux la ]>driode 

ddeennale que Schwabe, Sabine et Lamont avaient trouvde sans coii.sultor 
leg anciennes observations f 

La confirmation complete des rcsultats obtenus en 1852 est cerlaiiicmoiit 
d line grande importance; mais des etudes noiivelles in’ont hut ddcouvrir eii 
outre quelques autres faits interessants. En premier lieu ellos moutrerent que 
cen’estque \& longueur moyenneA.Q la periode solaire qui, <lopuis longtcmps, ne 
s’ecarte pas de 11J ans, et que chaquo periode pout en difidrer de plus do deux 
ans En second lieu elles m’ont permis de ddtoimincr des dpoqiuis inoyonnos 
pour le mmimum et le maximum, et d’en ddduiro une autiv particularif/* 
lemarquable : en ajoutant anx epoques de minimum et aux djioques do 
maximum de la seconde sdrie tour a tour 


sT, T, o, —T, —ST, 

et en prenant la moyenne des nombres resuliants,| on trouv(> 

1810 53 pom I’epoque moyenno du minimum, 

' 10 jj ,, „ ,, maximum, 

et on en ddduit qu’en moyenne le mininiiim ne prdeede le maximum quo do 
4 \ ans, mais ne lui succkle qu’aprds 6-* ans dUn fromhne lieu ,’eu tirai des 
precedes sfirs pour dtudier et representer graphiquemont la marche rdelle et 
moyenne du phdnomene solaire depuis le milieu du siecle passi^ jusqu’a 


30 du Crifcenum de M. Pate. Yoir les O.iup/fi, Rond,v. du 

^ adopta Im-m^me plus tard ma pcriodo de ii ans Voir oar exemrU. 1 

X 1521 dQB Astronomisclie J^achnchtedi ’ le 

$ Ontrouyei74S-o + 6 xiiiii = iSii7, 1755 3 + 5 x rr in = x 8 io 8 , etc 
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present Mais, pour y parvenir, il me fallait employer des nombrcs 
ausiliaires, qiie je nommai nombres relatifs, et que je dois faire connaitre 
avant d’entrer en matiere 

En designant par g le nombre des groupes de taches vus un jour quel- 
conque surle soleil, une tache isolee comptant pour un groups, par /le nombre 
des taches contenues dans tous les groupes, nombre que j’estime approxi- 
mativement proportionnel a la surface tachet^e, et par I un coefficient 
dependant de I’observateur et de son instrument, et d^duit d’observations 
correspondantes, en supposant ce coefficient 4 gal a I’unite pour moi et pour le 
grossissement 64 d’un Ekaukhofer de 4 pieds—je pose 

r^Tc (J+xog), 

et je nomme r le nonibre relatif de ce jour La moyenne de tous les nombres 
relatifs appartenant au in^me mois ou a la m^me ann^e donne le nombre 
relatif du mois ou de I’ann^e, et la courbe dont les ordonndes sont pro- 
portionnelles a ces nombres relatifs, et dont les abscisses sont proportionnelles 
au nombre des mois ou des annees 4 coul 4 es, est la cowrie des taches re- 
pr 4 sentant la marche du phenomfene C’est de cette maniere que j’ai 
construit sur le diagramme ci-joint la courbe mensuelle pour les anndes 1831 
a 1875 et la courbe annuelle* pour les ann 4 es 1745 a 1875 , mais quoique ces 
courbes donnent une image fidMe de la marche gen^rale du phdnomene, il y a 
quantity d’etudes pour lesquelles il est beaucoup plus prdffirable de possdder 
un tableau complet des nombres relatifs mensuels, et j’ajoute done une telle 
table pour les anuses 1749 a 1876, en exposant les principes suivis pour sa 
construction. 

Pour la deiniere cmquantaine d’annees on dispose d'une quantite 
d’observations telle qu’il n’y a pas d’mcertitude nuisible pour les moyennes 
mensuelles des nombres relatifs , mais pour les ann6es pr^cedentes il y a, au 
contraire, nombre de mois oii les observations existantes ne suffisent pas a ce 
but, de sorte qu’il faut interpoler pour avoir une sene complete Pour cette 
interpolation j’ai adopte la m^thode suivante—Je pr6parai pour une suite 
d’annees (par exemple, pour une dizaine) un grand tableau de papier carr(i, dont 
la base correspondait aux mois successifs de ces annees ; j’y introduisis les 

Cette couibe anmielle ne diffeie essentiellement du specimen que j’eij ai donne autrefois 
a M Caekdjgtoit, et qu’d a publi 4 dans son ouvrage classique Observations of the Sjoots of the 
Sun, que pai 1 ecbelle plus giande qui a perruis de donner plus de details instructifs 
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moyeaues siires et les moyennes incertaines comme ordonnces, ixiais cii dis • 
tinguant les points obtenns par les tines des points obtcnns par les autres j jc 
construisis une courbe passant par les premiers points et s’approcbant autant 
(jue possible des autres, et j’lnscnvis dans la table des moyennes stlros, an 
lien de cLaque moyenne donteuse, la moyenne entre cettc dci'iiiere et 
Fordonnee correspondante de la courbe Ayant complete de cette maniferc 
la s 4 rie des moyennes menstielles, je lui en substituai encore uiie autre pour 
compenser ses irrdgularit^s accidentelles sans effaccr scs irregulantcSs sys- 
tematiques. Je calculai la moyenne de cbaque suite do douzc nomlircs 
(janvier k ddcembre, f 4 vner a janvier, mars a fdvner, etc ), et encore la 
moyenne de ebaque suite de deux de ccs moyennes, et je considdiai cetti* 
dermere moyenne comme nomhre relatif com^ense du mois moyeii (Jiullot, 
aout, etc.) Cest la s 4 rie cle ces nombres compenscs quo Fon trotiYC iiiscrite 
dans les tables ci-jointes, et dont j’ai fait usage pour coiistriiire la ligne 
pointill 4 e dans le diagramme des ann4es 1831 a 1875 

Nombres Rblatifs CoMPENsis 


Ann4e 

I 

II 

III 

IT 

y 

yi 

VII 

yjij 

JX 

X 

XI 

XIT 

Moyoiuic, 

1749 

— 

— 

— 

— 

— 

— 

8t 6 

828 

84 T 

86 3 

878 

88 7 


50 

89 0 

90 2 

92 3 

926 

882 

S3 8 

S3 3 

8r 8 

78 6 

75 ^ 

72 y 

69 6 

831 

51 

66 8 

64 2 

595 

546 

7 

48 8 

46 2 

450 

46 3 

47 5 

476 

47 Jr 

521 

52 

47 2 

46 4 

45 3 

464 

47 8 

48 0 

48 2 

47 s 

46 0 

4 -^ I 

42 r 

40 9 

•ts 9 

53 

38 2 

36 2 

367 

358 

35 

32 I 

288 

25 8 

22 8 

19 9 

183 

n 4 

28 9 

54 

17 I 

15 s 

139 

130 

12 7 

12 3 

12 6 

^3 4 

1 ro 

n 9 

12 7 

10 7 

13 5 

55 

9 2 

84 

84 

8 8 

S5 

89 

9 7 

96 

9 4 

9 A 

JO 0 

111 

93 

56 

114 

1X4 

” 3 

10 6 

10 6 

10 6 

103 

10 9 

12 4 

M * 

1 G 0 

17 X 

12 2 

1757 

18 0 

20 7 

23 8 

25 7 

28 4 

31 4 

33 4 

35 7 

37 9 

40 6 

42 7 

^4 4 

31 9 

5S 

465 

468 

47 2 

48 4 

47 7 

47 2 

48 0 

48 2 

47 7 

465 

45 

46 0 

47 I 

59 

465 

48 I 

50 I 

51 6 

52 7 

53 4 

548 

56 2 

58 0 

605 

61 9 

619 

54 6 

60 

62 5 

^3 3 

62 8 

61 8 

62 0 

62 7 

63 0 

64 4 

66 0 

66 8 

68 8 

72 1 

64 7 

61 

75 7 

77 5 

79 8 

83 0 

85 s 

865 

848 

82 9 

So 7 

788 

75 S 

7J 7 

802 

62 

683 

648 

62 5 

60 4 

590 

598 

61 7 

60 5 

583 

56 7 

55 3 

53 2 

60 0 

63 

524 

5^5 

49 8 

48 8 

47 I 

458 

45 3 

46 s 

479 

483 

48 8 

490 

48 4 

64 

478 

469 

45 4 

43 0 

40 8 

378 

34 9 

32 0 

299 

288 

27 3 

25 8 

3 C> 7 
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Dr E Wolf, On the Period 


Nombses Ebiatifs CoMPrNSLS —bude 


\ 

-\.Diiee 

I 

IX 

III 

I^ 

Y 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

Moyeinie 

1765 

253 

25 2 

24 6 

23 6 

22 5 

21 4 

20 4 

193 

19 I 

19 0 

186 

18 I 

214 

66 

16 4 

144 

12 7 

12 0 

II2 

II I 

12 0 

135 

X 4 5 

x 5 9 

17 2 

186 

141 

67 

20 6 

22 9 

26 0 

293 

329 

364 

389 

4x5 

43 I 

43 7 

46 I 

49 9 

35 9 

68 

530 

55 4 

578 

60 6 

<53 s 

67 4 

707 

7 i ‘5 

72 I 

75 I 

77 2 

77 7 

66 8 

69 

81 2 

862 

915 

98 I 

103 8 

106 I 

107 3 

III 9 

1158 

114 6 

112 5 

1119 

1034 

70 

III I 

no 9 

1093 

105 2 

102 3 

101 2 

98 0 

91 I 

85 7 

849 

889 

93 9 

985 

I 

71 

936 

89 0 

86 I 

854 

S3 5 

81 9 

84 3 

88 8 

90 I 

905 

869 

79 5 

86 6 

72 

773 

776 

75 4 

72 8 

70 7 

67 8 

646 

60 I 

583 

56 7 

54 3 

53 3 

<>5 7 

1773 

50 0 

46 I 

43 5 

404 

37 4 

35 6 

34 5 

35 6 

37 3 

38 0 

389 

39 3 

39 7 

74 

388 

38 2 

37 I 

35 6 

342 

3 ^ 9 

28 9 

244 

19 8 

166 

13 2 

10 6 

27 4 

75 

93 

86 

8S 

7 9 

7 5 

72 

7 7 

89 

92 

94 

10 2 

10 7 

88 

76 

II 0 

II 7 

12 9 

145 

163 

185 

20 8 

22 8 

25 2 

29 6 

35 6 

^10 

21 7 

77 

45 9 

55 I 

62 9 

703 

78 I 

876 

98 0 

106 6 

1x35 

119 6 

128 2 

138 6 

920 

78 

1448 

1484 

151 9 

i 5<^3 

1585 

1565 

156 0 

1515 

153 2 

1525 

1484 

141 9 

1517 

79 

1390 

1375 

1338 

1299 

127 0 

125 7 

124 I 

1194 

1x5 7 

112 8 

1093 

106 9 

1334 

80 

1035 

100 0 

98 2 

95 5 

9 ^ 3 

869 

860 

862 

S3 4 

80 4 

79 2 

79 5 

89 2 

1781 

79 4 

78 0 

75 4 

71 5 

69 8 

69 I 

66 2 

628 

60 6 

588 

55^5 

5x0 

665 

82 

470 

44 5 

42 9 

42 0 

404 

387 

37 4 

3<>3 

36 0 

350 

33 2 

3 x 

387 

83 

306 

294 

27 7 

26 4 

25 I 

23 6 

22 2 

203 

18 3 

17 0 

155 

14 i 

22 5 

84 

: 123 

10 8 

10 0 

9 7 

98 

10 0 

99 

96 

95 

9 7 

105 

IX 9 

103 

85 

139 

155 

16 9 

194 

22 0 

23 5 

254 

283 

316 

36 I 

42 0 

463 

26 7 

1 86 

! 0 

496 

54 5 

60 7 

66 7 

72 6 

79 3 

869 

93 4 

97 5 

100 9 

1044 

107 9 

8r 2 

1 87 

III 4 

1153 

119 2 

122 9 

125 8 

1295 

132 2 

X333 

136 6 

138 I 

136^4 

1378 

128 2 

i 88 

i 

140 6 

1412 

1404 

139 I 

136 6 

132 8 

1299 

128 7 

127 6 

1273 

1283 

'1273 

1333 

1 1789 

1249 

4225 

119 I 

1165 

116 0 

117 9 

117 6 

1173 

116 4 

114 2 

III 7 

109 2 

T 16 9 

( 90 

t 

106 0 

1034 

lOI 2 

996 

97 I 

924 

88 6 

846 

80 9 

79 3 

778 

75 9 

906 

91 

748 

73 I 

70 8 

694 

67 8 

66 9 

65 9 

65 4 

65 0 

645 

639 

<>33 

67 6 

92 , 

62 I 

61 8 

62 2 

61 8 

62 I 

61 2 

599 

595 

588 

575 

56 2 

553 

59 9 

93 ‘ 

55 I 

540 

51 3 

49 3 

48 3 

47 3 

464 

455 

44 3 

42 6 

417 

414 

47 3 

94 
^ ! 

40 7 

40 7 

40 7 

39 I 

38 9 

40 I 

394 

38 2 

37 0 

35 5 

341 

32 0 

38 0 

' 1 

29 8 

28 I 

27 6 

27 6 

258 

22 7 

213 

20 6 

20 I 

20 8 

20 9 

201 

23 3 

, 96 1 

! 1 

1 

20 2 

19 8 

19 0 

iS 9 

17 8 

166 

15 7 

14 6 

133 

II 6 

99 

95 

156 



of Sunspot frequency 


XOMBRFS RfLATIFS CoMPFNSP S— 


Ann^e 

I 

II 

III 

IV 

1 

VI 

VII 

VIII 

IX 

X 

1 XI 

XII 

Moyenne 

1797 


t 8c 

> 7 7 

^ 7 c 

) 6 7 

’ <5i 

^ 5S 

> SA 

^ s ? 

^ 5 S 

> 55 

: 4 ? 

65 

98 

4 I 

38 

^ 35 

32 

J 3 2 

' 38 

! 4c 

> 44 

5 I 

58 

' <55 

7 3 

46 

99 

78 

78 

75 

7 5 

73 

; 68 

:j 70 

' 7 I 

6 6 

64 

3 

7 I 

7 

1800 

80 

96 

10 9 

II 7 

124 

14 0 

16 2 

178 

193 

20 8 

22 8 

243 

156 

OT 

25 2 

266 

283 

30 0 

32 I 

33 7 

34 9 

365 

37 7 

38 9 

40 6 

42 S 

33 9 

02 

44 4 

46 I 

48 2 

505 

52 6 

543 

557 

57 3 

59 3 

61 2 

62 8 

64 2 

54 7 

03 

65 6 

665 

67 2 

684 

69 7 

70 7 

71 7 

72 5 

73 2 

739 

745 

749 

70 7 

04 

75 I 

755 

757 

753 

74 7 

73 7 

72 5 

71 2 

69 6 

67 5 

64 6 

61 9 

714 

1805 

596 

57 4 

55 2 

52 9 

50 6 

486 

46 7 

44 6 

42 2 

40 5 

39 4 

379 

48 0 

06 

363 

349 

33 <5 

32 2 

309 

29 6 

27 8 

259 

244 

23 0 

2T 7 

203 

284 

07 

18 9 

17 5 

15 8 

M I 

12 4 

10 4 

89 

8 I 

74 

68 

6 4 

65 

11 I 

08 

<>3 

5 9 

5 9 

6 I 

<53 

7 2 

80 

85 

87 

83 

7 7 

7 2 

7 2 

09 

6 8 

6 2 

5 4 

47 

40 

3 0 

2 2 

I 6 

1 I 

T 0 

0 8 

04 

3 Tc 

ro 

0 I 

0 I 

0 0 

0 0 

0 0 

0 0 

0 0 

00 

0 0 

0 0 

0 0 

0 0 

00 

11 

0 0 

! 03 

os 

0 6 


I 4 

2 0 

2 6 

2 7 

2 7 

2 8 

2 9 

I 6 

12 

2 7 

3 2 

4 I 

42 

45 

S I 

50 

48 

5 T 

5 9 

68 

7 3 

49 

1813 

84 

86 

87 

103 

II 7 

T24 

13 S 

148 

150 

154 

'5 7 

^5 9 

12 6 

14 

16 2 

16 0 

15 5 

149 

144 

^4 3 

^4 3 

150 

t6 7 

17 9 

t8 4 

203 

16 2 

^5 

22 7 

25 3 

27 9 

293 

30 7 

33 5 

35 7 

37 5 

41 0 

41 I 

46 7 

47 <3 

35 2 

16 

47 3 

466 

46 5 

48 2 

492 

47 S 

468 

467 

47 5 

47 5 

45 ^ 

43 9 

469 

17 

/14 I 

45 2 

45 4 

^3 5 

42 I 

41 8 

415 

39 9 

348 

31 7 

33 5 

34 3 

39 9 

18 

338 

324 

31 4 

31 4 

30 8 

299 

299 

300 

29 3 

27 9 

25 8 

243 

29 7 , 

19 

24 6 

24 6 

23 9 

23 I 

23 3 

24 0 

234 

22 7 

22 9 

22 9 

238 

227 

235 

1 20 

21 2 

20 7 

20 4 

19 2 

17 6 

159 

154 

14 8 

13 8 

134 

IT 7 

10 2 

j 6 2 

1821 

89 

7 2 

63 

6 7 

69 

64 

5 2 

43 

46 

53 

S 7 

58 

61 

22 

6 I 

^3 

6 0 

5 0 

4 I 

40 

40 

39 

3 2 

2 0 

1 

^ 5 ! 

r 2 

39 

23 

0 6 

0 2 

0 I 

0 I 

0 I 

09 

2 7 

40 

45 

5 3 

6 2 ! 

^>3 

26 

24 

<53 

63 

7 2 

9 2 

10 2 

94 

79 

74 

82 

80 

7 7 

89 

Si 

25 

10 8 

13 I 

13 9 

13 3 

^3 4 

147 

r6 I 

168 

17S 

19 8 

21 5 

23 I 

36 2 

26 

249 

26 4 

27 I 

28 7 

3 M 

342 

369 

385 

405 

42 1 

440 

45 8 

350 i 

27 

46 2 

463 

48 2 

49 8 

504 

50 r 

501 

51 6 

52 8 

538 

553 

58 9 

! 

51 2 

.8 

61 2 

62 5 

63 6 

62 7 

62 0 

62 4 

62 I 

"i 

60 7 

62 6 

63 2 

61 3 

62 I 

i 
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Dr E Wolf, Ora the Period 


KomBRES EeLATIFS CoMPEJ^bLS— 


Annee 

I 

II 

III 

ly 

V 

YI 

YII 

YIII 

IX 

X 

XI 

XII 

JMoyenne 

1829 

61 9 

635 

635 

646 

66 I 

669 

67 6 

68 8 

70 2 

71 I 

715 

709 

672 

30 

68 s 

655 

649 

663 

67 9 

697 

70 6 

69 6 

69 I 

67 3 

634 

61 4 

67 0 

31 

60 I 

60 4 

596 

57 0 

538 

500 

47 I 

466 

45 3 

425 

41 5 

41 3 

50 4 

32 

39 8 

365 

33 4 

31 I 

28 9 

275 

26 7 

24 2 

20 7 

17 9 

x 5 7 

X 3 5 

26 3 

33 

12 0 

IT 6 

II 6 

II 2 

103 

92 

8 2 

80 

79 

7 5 

73 

74 

94 

34 

7 7 

7 7 

7 7 

84 

10 2 

12 2 

13 3 

13 7 

14 6 

178 

21 7 

24 2 

X 3 3 

35 

27 4 

319 

37 9 

44 5 

504 

55 I 

60 2 

67 0 

738 

80s 

86 7 

93 2 

590 

36 

99 5 

103 9 

105 7 

107 2 

109 8 

116 0 

I2S 6 

132 0 

1369 

138 2 

138 0 

1394 

1x93 

1837 

142 7 

145 7 

1469 

146 3 

14s 2 

1414 

136 4 

1309 

127 4 

127 I 

127 7 

126 2 

1369 

38 

125 4 

120 8 

1134 

III 2 

108 6 

1053 

loi 6 

100 7 

988 

93 5 

87 3 

82 2 

104 I 

39 

79 5 

80 7 

85 4 

87 9 

87 5 

865 

84 7 

83 0 

815 

80 7 

815 

81 9 

83 4 

40 

806 

765 

710 

66 9 

646 

636 

608 

56 0 

525 

505 

495 

49 6 

61 8 

41 

487 

46 7 

443 

41 8 

39 5 

374 

368 

36 2 

35 5 

34 5 

32 I 

288 

385 

42 

26 7 

25 3 

24 I 

23 8 

25 0 

250 

23 9 

22 8 

215 

20 I 

X93 

18 7 

23 0 

43 

18 0 

17 3 

16 I 

14 2 

119 

10 8 

104 

10 7 


12 2 

12 3 

ri 7 

131 

44 

II 9 

12 9 

135 

14 2 

14 6 

147 

x 5 7 

17 6 

20 0 

22 7 

25 7 

28 3 

193 

1845 

299 

30 6 

319 

33 7 

348 

37 7 

40 6 

41 4 

42 7 

440; 

45 0 

46 9 

383 

46 

490 

5 ° 6 

54 7 

58 7 

60 I 

61 2 

62 5 

63 2 

638 

6381 

63 4 

648 

59 6 

47 

65 9 

698 

75 6 

83 0 

915 

967 

102 5 

1093 

113 I 

1166 

1203 

123 0 

97 4 

48 

128 2 

13IS 

128 6 

124 I 

121 1 

122 2 

124 2 

124 9 

125 2 

1245 

1234 

120 7 

1249 

49 

116 4 

iro 9 

107 6 

104 8 

loi 7 

985 

92 6 

87 6 

85 2 

828 

788 

77 7 

95 4 

5 ° 

756 

740 

73 7 

73 4 

71 5 

68 I 

664 

67 0 

669 

667 

67 2 

67 0 

698 

SI 

66 6 

66 3 

653 

64 2 

637 

64 0 

64 2 

62 3 

606 

608 

60 9 

59 7 

63 2 

52 

59 4 

589 

570 

55 9 

56 2 

55 3 

531 

509 

489 

47 2 

45 6 

44 5 

52 7 

1853 

44 4 

44 9 

45 2 

440 

419 

400 

38 0 

35 9 

34 3 

32 7 

31 4 

30 I 

38 s 

54 

28 2 

25 7 

23 7 

22 0 

20 7 

20 6 

20 4 

20 0 

194 

18 4 

16 9 

X 55 

21 0 

55 

14 I 

12 8 

114 

10 4 

92 


6 2 

55 

45 

39 

35 

32 

77 

S6 

33 

3 ^ 

39 

3 9 

38 

41 

48 

55 

58 

62 

76 

92 

5 I 

57 

10 4 

II 6 

13 7 

168 

193 

2x5 

23 8 

26 0 

293 

32 6 

343 

36 0 

22 9 

58 

386 

41 7 

448 

48 5 

514 

53 5 

56 7 

60 7 

643 

67 6 

717 

75 5 

56 2 

59 

789 

82 6 

859 

87 9 

90 8 

932 

93 7 

93 7 

940 

938 

939 

95 4 

90 3 

60 

97 2 

979 

970 

95 4 

94 4 

95 X 

94 9 

93 7 

93 3 

945 

93 6 

90 6 

948 
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of Sun-spot frequency 


Nombees Eelatifs Compensls— szaiffi 


Annee 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

I IX 

X 

XI 

XII 

Moyenne 

1861 

88 I 

858 

845 

S3 I 

803 

77 8 

77 2 

76 7 

73 7 

69 s 

679 

681 

77 7 

62 

67 7 

66 7 

653 

63 7 

62 5 

60 8 

585 

576 

58 2 

586 

576 

55 3 

61 0 

63 

519 

49 6 

471 

45 2 

44 5 

440 

44 4 

44 4 

440 

43 8 

430 

43 2 

45 4 

64 

448 

46 0 

466 

466 

47 2 

47 5 

46 6 

459 

44 4 

43 0 

425 

41 3 

45 2 

65 

39 r 

37 2 

36 2 

3 S 2 

33 2 

31 I 

29 8 

29 0 

28 4 

1 27 2 

259 

24 2 

31 4 

66 

22 8 

21 0 

194 

18 7 

17 9 

16 8 

150 

12 I 

99 

8 7 

7S 

6 8 

147 

67 

59 

54 

52 

53 

5 3 

63 

7 9 

92 

105 

12 6 

149 

17 I 

88 

68 

193 

215 

24 2 

27 6 

317 

35 5 

392 

42 9 

45 8 

47 0 

504 

56 9 

368 

1869 

61 4 

645 

680 

694 

701 

72 4 

746 

77 6 

843 

93 7 

loi 7 

105 8 

786 

70 

no 0 

1162 

121 6 

127 5 

1340 

138 0 

1396 

1405 

140 2 

1396 

1385 

13s 4 

1318 

71 

132 3 

1293 

125 I 

120 4 

ri6 3 

1129 

no 8 

1103 

0 

00 

103 0 

989 

98 0 

113 8 

72 

989 

983 

990 

loi 0 : 

loi 9 

loi 9 

102 0 

loi 8 

loi 6 

100 9 

97 3 

92 I 

99 7 

73 

87 8 

85 2 

81 4 

75 4 

707 

67 8 

65 2 

62 3 

584 

54 4 

52 4 

52 O' 

67 7 

74 

SI 8 

515 

504 

49 I 

47 4 

45 5 

42 7 

39 0 

368 

36 I 

346 

32 7 

43 I 

75 

29 8 

25 s 

22 5 

20 5 

193 

179 

171 

168 

16 3 

15 I 

13 7 

12 5 

18 9 

76 

II 7 

116 

II 7 

12 0 

II 8 

II 4 

~ 1 

— 

— 

— 



— 


La construction de cette table des nombres cotnpens6s pour les ann 4 es 
y49 a 1876 m’apns un temps dnorme, mais je crois que sa valeur est en 
bonne proportion ayec la peme qu’elle m’a colitde, et qu’on doit en iaire usage 
des a present pour toutes les recliercbes qui sont de son ressort Je public 
cette table pour donner aux auties scrutatcurs une plus grande facility et 
une pl^us grande streU dans leurs compaiaisons, sans pr<5tendre h autre chose 
qua des int^r^ts moderes de moii capital, on pourrait la nommei Sene de 
M Wolf^ pour ni’en assurer la propn6t^ ^ 

Pour donner un exemple d’une ^tude bas^e sur ma sdrie j’ajoute ma 
nouvelle determination de la frequence moyenne des tacbes durant une 
periode, par laquelle mon fragment d’une courbe moyenne, approuve en 1870 
se trouve complete et corrige Je superpose les courbes representant les 
diverses periodes, de fagon que les minima et que les maxima se rencontrent, 


* On pourrait se moqaer de cette pretention, maia pnisqn’il existe des auteurs sans 


Eotal Astrox. Soc. Vol. XLIII. 
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je cherclie dans les deux cas la courbe moyenne,* je place cos deux 
courbes moyennes de mamke que la distance du minimum de la 
premiere et du maximum de la seconds corresponde a la difference 
1815 10-1810 53=4“‘57=4®7’“, et j’en prends encore une fois la moycime 
Les 133 ordonnees mensuelles de cette demifere courbe sent inscriies dans la 
table ci-jomte, et il vasans dire que Ton pent en faire usage pour reconstriure 
cette courbe moyenne 

Courbe Moyenne 


II II 

1694 

39 20 

69 96 

90 16 

93 47 

77 08 

59 73 

II15 

18 01 

4131 

7234 

9192 

92 86 

75 22 

58 22 

II 38 

19 21 

4337 

74 61 

9325 

92 01 

73 39 

57 27 

II 62 

2052 

45 52 

77 09 

9414 

91 22 

71 46 

5653 

1185 

22 06 

47 75 

78 78 

94 68 

9057 

69 23 

55 78 

1205 

2356 

5 ° 15 

8037 

95 45 

89 54 

67 16 

54 9 (i 

12 42 

25 86 

52 70 

81 65 

96 64 

87 84 

66 06 

5365 

1313 

2751 

55 57 

82 80 

9776 

85 72 

65 36 

51 62 

1392 

2952 

5883 

83 99 

9774 

83 46 

645s 

49 93 

1457 

32 02 

62 04 

8505 

96 90 

81 69 

6355 

48 28 

15 15 

3467 

65 10 

86 36 

9597 

79 94 

62 42 

46 50 

16 09 

3700 

67 69 

88 09 

9448 

78 36 

61 22 

44 15 


* Je dois dire que 36 n’execute pas ces operations grapliiquement, mais ariilinKHi(j[no- 
ment avec les nombres donnes dans la table Le seb^rna ci-joint donno un fragment <lo la 
disposition des calculs faits pour constimre la courbe moyenne ddriveo des minima stiporposc^B , 
je ne pense pas qu’il soit necessaire de le commenter 


12 0 

II 2 

1776 YI 

II 1 

120 

135 

79 

75 

1775 YI 

7 2 

77 

89 

99 

96 

1784 IX 

95 

9 7 

105 

38 

35 

1798 lY 

3 2 

3 2 

38 

0 0 

0 0 

1810 YIII 

0 0 

0 0 

0 0 

0 2 

0 I 

1823 lY 

0 I 

0 I 

09 

7 9 

7 6 

1833 XI 

73 

74 

7 7 

11 9 

10 8 

1843 "vii 

10 4 

10 7 

II 5 

3 9 

35 

1855 XII 

32 

33 


5 9 

54 

1867 III 

5 2 

S 3 

5 3 

6 34 

5 92 

Moyenne 

5 72 

5 94 

657 




of Sun-spot frequency. 


2 r r 


COURBE Moyenne —smk 


43 92 

36 63 

31 02 

24 70 

20 56 

15 87 

42 46 

35 90 

3030 

23 85 

19 67 

1516 

40 94 

3484 

2947 

23 23 

1886 

14 12 

39 39 

33 69 

28 35 

22 70 

17 85 

1318 

38 39 

32 79 

27 09 

22 04 

17 29 

12 41 

37 54 

31 94 

25 66 

21 34 

16 6? 

II 80 


La gravure ci-jomte donne en petite dchelle une iddo de cctte courbe et 
de ses ecarts des courbes extremes r 4 elles observdes jusqu’^ present, eolle 
du minimum 1775 minimum 1784? ct cclle du minimum 1810 .ui 
minimum 1823 



La comparaison de la courbe moyenne avec los courbes rdellcKin’u dink 
domxi plusieurs r 4 sultats intdressants/ mais jc prdfbre d’en parlor une autre 
fois, et de finir aujourd’bui par quelques remarques sui la connexion entre 
la irequence des taches solaires et les variations de la ddcliuaisoii magneti(|ue. 

* Voir le ^“42 de mes Mttthe%lungen. 
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Comme j’avais reussi en 1852 a am^liorer la formule ddduite par Lamont pour 
ces variations, en y introduisant la p 4 riode solaire de 11| ans, ce simple fait me 
parut un mdice certain de la relation intime entre les variations net les taclies 
on les nombres relatifs r, et je pensai bientdt que ces deux quantites et 
r devaient ^tre regardees comme deux enregistrements des etfets d’une mcme 
cause inconnue; mais dans ce cas il devrait ^tre possible de transformer Tune 
des deux dans I’autre, comme on transforme d’autres lectures faites sur deux 
ecbelles diff^rentes—c’est-a-dire, de trouver line formule 

V = a-}-/ 3 r, 

ou a et @ d 4 signent deux constantes a deduire des deux senes d’apres la 
metbode des moindres carrds C’est de cette mani^re que je trouvai pour 
Municb. la formule 

V — & 27 + 0' 051 r, 

qui reprdsente non-seulement fort bien * la s4rie des variations observecs b 
Municb de 1835 a 1850, mais qui me permit de calculer d’avance a la fin. do 
cbaque ann4e successive la variation correspondante, en y introduisant pour r 
la valeur conclue des observations solaires, et de la comparer plus tard a la 
variation observee L’accord fut si satisfaisant qu’il prouva la justesse de ma 
supposition, et qu’il m’engagea a ddduire des formules analogues pour d’autres 
stations, entre autres la formule 

■y = 5' 80+0' 045 r 

pour Prague, qm poss^de la s 4 rie la plus longue et la plus homog^ne de 
variations observees En supposant qu’on p 4 t appliquer sans aucun cbange- 
ment cette derniere formule aux ann 4 es pr 4 c 4 dentes, j’en d 4 duisis les variations 
pour les ann 4 es 1745 k 1839, et c’est cette s 4 rie que j’ai repidsentde dans le 
diagramme par une bgne pointillde dont la continuation correspond aux 
variations observees a Prague de 1840 a 1875 J’ai repr 4 sent 4 dans le mome 
diagramme les variations observ 4 es autrefois k Mannheim, Pans, Londres 
et Gottingen, et Ton voit du premier coup d’oeil que les maxima et les 
mmima de ces courbesf coincident a pen pres avec les maxima et les minima 
de la courbe pointill 4 e, quoique ces s 4 ries anciennes aient 4 t 4 obtenues avec des 

* Yoir le 9 de mes Mittheilwngen 

t Les courbes elles-memes ne peuyent comcider parce que Teclielle n’est pas la zaeme 
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appareils tres-imparfaits.* Cette concordance est d’autant plus reinarcpiabic 
qu’elle conceme entre autres les 4 poques critiques de 1784-85, 1787—88 
et 1829—30, ou la courbe solaire s’ecarte le plus de la courbe moyenne, dc 
sorte qu’elle prouve que les variations magnetiques suhissent les mhnes pertur¬ 
bations que le d'eveloppement des taches solaires Et si Ton voit d’autre part 
que la courbe magn^tique de Prague suit depuis 1840 jusqu’a 1875 la courbe 
solaire non-seulement en general, mais dans les plus petits details, 011 cst 
autoris 4 a declarer que Von trouve dans les changements de la frequence des 
taches solaires et de la variation niagnetique deux phenomenes dependants ou 
lun de I autre ou plutbt de la mhne cause cosmique, et que chercher les autres 
effets de cette cause inconnue, et trouver ainsi peut-otre plus tard la caus(‘ 
elle-meme, n est pas un reve d’une t6te 14 gbre, mais bion un devoir 
scientifique 

* On pent tontefois en exceptor la sene de Gottingen 
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I On a General Method of treating the Lunar Theory. By E Neison, Esq 

- 4 - 

§ I 

Ihe piesent Memoir contains the theoretical foundation on which has 
been based a complete analytical development of the Lunar Theory As tlie 
work itself is far advanced it has been deemed advisable to detail the method 
by which it is being effected. Although it involves no new piinciple, the 
method by which the development is being effected consists of an entirely 
new application of known processes. Devised with the view of simplifying the 
older methods of treatmg the lunar theory, it has been found to very much 
decrease the labour involved, and in particular lessen the mental anxiety 
inseparable from the older systems 

Plana, Pont4coulant, and Delaunay have alone obtained an algebraical 
solution of the lunar theory, and it is this alone which is now considered 
The methods employed by Plana and Pontdcoulant may be said to be the 
repeated application of the following operation A lengthy series of cosines 
or smes with algebraical coefficients is multiphed by a similar series of cosines 
or sines with different algebraical coefficients. In the product aU similar 
terms are united together, and the algebraical coefficients reduced to their 
simplest terms, by the repeated multiplication and addition of numerical 
fractions There are many objections to this method. If any error be made 
m effectmg the numerous multiplications and additions and reductions of the 
different complex algebraical coefficients, this error is absolutely irremediable, 
and unless every step in the work is performed again it is undetectable. 
Agam, as it is impracticable to effect the complete multiplication of such series of 
cosines or sines, it is necessary to neglect all teims whose algebraical coefficient 
Eoyal Asteon. Soc Voe XLIV. 
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exceeds some fixed order In fiict, generally at, least nme-tenths tat often 
nearly nmety-nme tandr edths of these terms mrrst bo omrttod But rt one srrrglo 
term be o Jted rrlrroh ought to be retarned, the whole work rs vr rated and roust 
be reperformed , and. as ... the prev.ous ease, rt rs rtopossrb o to aecertarn 
blether any error has been thus ,nade wrthout rrrrdertakrng the whole work 
Tver aeam If any err-or be nrade m any of these operatrons. rt wrll usually 
destroy the tr-rrstwortlrmess of the whole theory, because rt cannot bo sard 
what terms are affected by the error, or to what exterrt Ihere are of course 
enceptrons to thrs, as errors made rn certarn portrons of the work adrrrrt of easy 
rectrfioatron In general, howerer, aar error rn the formatron of ariy of t lese 
products wrll vrtrate the aeerrraeyof the greater number of eoeftments, to 
the same order as rtself It rs from thrs cause that the great drfflculty .rrrses 
in deahrrg with the lunar theory on the old system Erery step has to be 
verified, reversed, and checked wrth the greatest care Every process has to 
be examined wrth the mmutest attention to see that no term which may be 
wanted rs omitted. Thrs involves an amount of labour and wony wdneh rt rs 

difficult to realise without havmg experienced it 

Delaunay’s original and magnificent method of treating the lunar theory 
IS not open to the same objections to the same extent If it presents still 
o-reatei- facilities for making errors, it affords also the means of discovering 
them and the possibility of rectifying the errors when discovered. Unfortunately 
this method, so admirable in theory, involves immensely inc.reased work, and 
the lunar theory as carried out by Delaunay must have taken quadruple the 
labour iiliich would have been necessary to have obtained the same end by the 
methods employed by either Plana or Pontdcoulant. In other respects the 
system employed by Delaunay may be said to be based on the same principle 
as that of his two predecessors, and throughout every term has a special 
algebraical coefficient of more or less complexity Every operation performed 
wSh this coefficient must be verified and reverified, checked and rechccked, 
to secure absolute immunity from arithmetical errors liirther, should an 
erroi escape detection, the process of rectifying the error is a work of very 
considerable labour and trouble 

In the lunar theory as developed by each of these three great astronomers 
the point which presents the greatest difficulty to subsequent workers in the 
same field is the impracticabihty of verifying the final results. In Plana’s 
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work this IS almost impossible without working through the whole process. 
In Pontecoulant’s results the same difficulty is to be found Finally, in 
Delaunay’s development the task is one of great labour, although, fiom the care 
he has taken, one which is peifectly feasible In each of these three methods 
a specific algebraical coefficient is given to every term If, then, an error 
is discovered in any term it is necessary to proceed through every subsequent 
step and correct each of these to allow for the effect of the error If the 
error he of any importance this is equivalent, in the theories of Plana and 
Pontecoulant, to peiforming the work over again, and even m Delaunay’s 
work involves much labour 

One of the principal differences between the present system and those 
of Plana, Pontecoulant, and Delaunay is that this difficulty is overcome 
Every argument is represented by a fixed symbol which indicates not only 
its origin, but the method by which it enters the theory Every step is 
performed with these general symbols, and when the final result is obtained 
it presents the solution as an exjilicit function of these general symbols It 
only remains to substitute for these symbols their particular values, and 
reduce the resulting coefficient to its simplest terms, and the complete value 
IS at once obtained As no multiplication or addition of complex algebraical 
coefficients occur except in this final result, it is only at this point that this 
laborious operation, with its incessant verifications, comes into play Moicover, 
in the great majority of cases, any error 111 this portion will affect the single 
term 111 Avhich it is made and no other In any instance any error winch 
may be made can be rectified without the slightest trouble iilvery single 
constituent of any term indicates on its face both hoiv and Avliere it arose. 
Therefore there can be no difficulty in ascertaining vdiethcr any term has 
been omitted which should not have been omitted, and if so its place can be 
supplied in the final result by mere inspection Ei^eiy single term 111 the 
final result admits of separate verification or determination Any alteration 
made in any coefficient ivhatever ivliich enters into the theory can be made 
in the final result without trouble These arc considerable advantages, and 
against them the solitary disadvantage seems to be that the final expression 
for the lunar cooidinatcs is of considerably greater length 

In concluding this statement it only remains to add that the develop¬ 
ment of the theory has been carried completely to the seventh ordei, and 
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. Olol-ith order or practically one order beyond Delaunay. 

rJ^a. ....... 

pudied to tlie eighth order completely 


5 2 


Emoloymo the usual uotation, the differential equations to the motion of 
,lie Moon aiouh the Earth are (Ponticoulant, TIMe Anal,jUy,ee du Syateme 

da Monde, tome i, p- 205) 


a 

(1% 


ci^iL, y 

— Jy' 


ilh 

db^ 




(IR 
" \L 


(0 


The vaiiable r is the radius vector of the Moon, and thcrotore 

,2=:.„2 + 2;2 + r.* 

Differentiating with respect to t, 

dt=^-V dt+'^dt] 

Again differentiating E with lespect to t in so far as tlic coordinates of the 
])iIoon enter into E, 


(D 


(3) 


df dR chi 

\di)~'db dr dy di'^ 


dR th/ , (IR d. 

lU lit 


( 4 ) 


^vtultiplying the first of equations (i) by 2 J, the second by 2 and the 


third by 2 and adding, they form 

i(J^\ (lb d^(l dy drjc 


\dd dt^dt^ dt'^cU^ 1 

Substituting m this equation the values m equations (3) and (4) it becomes 

{d^x da , iPi/ dcf , eV'e </ K , F 

^ dt^ df dt\dt “KdiJ 


■ +2 


U ( de dll d.\ \ilR dx dR dll (IR d^) _ ^ r ■. 

lA'^'di+y dl + ''dt\ = -{dx-cU+dy cU+d. dtl--VdlJ ^ 5 ^ 


dt‘^ db 


Integrating 


rdx\r rdyV. rdeY 


( 6 ) 
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Next clifFereiitiate tlie equation (3) and it becomes 


cV 0^) 

(7/2 =2 


ilhi ^7^- 




(7) 


If the fir&t ot equations (r) be multiplied by a’, the second by y, and the third 
by C-, and these three products added to equation (6), it becomes 


I 


tih* dhj (Pr. 


/'<hy /ih/Y fd^y 

U; +Uj +UJ 


+ C = 



f cZR 


(m dR 

dij'^ ' de, 



bubstitiite in this the \alue ^iven by (7) and it becomes 


Now 


2 ;?N +‘' 



dt “{“ 1 


(?R 

ih 


dR fZRl 

dA 


(9) 


( dR ,7R ,7R) ( ,7; d, d) I f?R 

d, ,/^ + ' d. \ = d<i+ dj d> ’ 


and from the value of?- in (3) 


dl 1)2 

1 T = ’ 

ci I ^ 


( 7 / ?/2 


dt _ S.2 

7l r 


Therefore, substituting these values, (10) becomes 


c7R . i7R 67 Ri (7R 


(''■ 1N+’/ di/-^ 


dBl_ 

' (h I — 


dl’ 


whence (9) reduces to 


I(72(,2) ^ /JdR\ 

2 r«2 ^+0 — 1 (rff'j 

Assume as a new dependent variable 


di 


(10) 




(12) 


r = tan“' ^ 

DliFerentiatc with respect to t, and 

'(f__ JV (tt r_L_ ‘I'/_ 1 ] dy) 

di y+'t- dt dt ® (7f) 

Next differentiating with respect to ,v, and y, 

cZw_ ^ _ < 7 j)_ a* 

^ i7.i ^ dy 


(13) 


(14) 


(IS) 
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Multiply tlie first of equations (i) by i/, and subtract from it tlic second 
multiplied by so, 


whence 



dh 

dhj 


clf 

df- 

dl 

1 tH 


dt' 

[yii-' 

^ dt)' 


dv 


(16) 

( 17 ) 


Substituting in tins equation the values in (14) and (15), h becomes 


dt[^ dv 


Integrating, the last equation becomes 

Eor the third dependent variable assume 

x = bm-‘-> 

and suppose 


(18) 

(19) 

(20) 


xp z='/ bin \ = 'v 

Theieforc, substituting this value m the tlnrd equation ot (i), it 
becoHieb 

dH ^ —(2r) 
d^ 

From the three new variables which have been assumed, 

= V + + 

'll 

V = tan“"^ ^ ’ 

1/7 = «, 

the following tliiec diftercntial equations have been deduced 

■tfCfh 


I d^(r^) dll 

_+c-J 


dt^ 


do _ 
dt 


■dfi 


(A) 
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These equations are of exactly the same form as those employed by 
Pontecoulant (Systeme du Monde, tome iv, p 43), and after being developed 
slightly further, -vvill be employed in determining the motion of the Moon. 


§ 3 - 


Suppose y., or the sum of the masses of the Earth and Moon to be unity, 
and the disturbing function -will be (Pontecoulant, Theorie Amlytique du 
Systeme du Monde, tome iv, p 39) 


11 = 


m' 






(0 


where, as usual, x, y', z' are the rectangular coordinates of the Sun and m' 
and r' the mass and radius vector of the Sun 

Putting S foi the cosine of the angle between r and r', it can be 
easily shown that 

aV+2/)/ + 2f/=2»'S (3) 


Expanding (2) in powers of and substituting with (3) in the value of E 
given by (i), it becomes 


«i' r® 

R = -7+1Jl' 
r i 


/i 




(4) 

] 

j 


The higher powers of can be neglected, because, being the ratio of the 

distances of the Sun and Moon from the Earth, it is a very small quantity. 

Assume the plane of cc, y to be the plane of the Earth’s orbit and to be fixed, 
and suppose further that the Sun’s latitude is always zero. This is of course 
equivalent to deferring for the present the consideration of the effect of the 
very small inequalities in latitude to which the Earth is subject. Then 

S = cos X cos (d— o'), (5) 


J 
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where is the longitude of the Sun, eulipoeed to be counted from the eame 
ongm ae the longitude of the Moon, and both supposed to be measured on the 


Ecliptic 

Substituting for S this value, (4) becomes 


R = - - + 

7 


!!! r_i+^cos-X COS 2 (b—■ y')'] 

[(-fees X + -J C0S»\) cos (B-B')+| COS3X cos 3 (y-^')] 

+ cosU + fg cos^ x)cos 2 cos^ \ cos 4 (<'-»')] (^J 

-;-c [(s' ^+'64 0 

+ (-35 cos^ x+g| cos= x)oos 3 G-v')+rh ^ ^ (»-’-')] 


Eioin this expression the values of and can be ca&il} obtained by 
direct differentiation ; but although ^ could be obtained likewise in Ibis 
manner, it is more conveniently formed as follows Fioin (4) 


dR _ cTR di (ZR f7S 
ddi dr dip dB dip 


From the value of r (§ 2, Eq. 2), as 4 ' = 


Again, from (3), 


d\p > 


dB 4'.< smX^, 


Substituting these values m (7) and 


dR .dR S ''It 


■ = sm X 'T~ — sill X 


,dt f df) 
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Fiom (4), by differentiating, 



dB. ( 


CM 

1 

V y 

+7,(7 S‘-.5S>+J' 



^4 


s'+fs)+ 1 

and 

\\ 

1 

1 --V 3 ( 3 S®)- 4 ( 

^11 S®- 3 s') 

<2 2 J 




\ 

^315 qs 105 

.s'" 4 

s>+«g)_ } 


Employing these values, (10) reduces to 
g » X 3S-S (-a S.+I) -4 (-f S-H-¥ s) + 
Replacing S by its value (5), and 


= —m sm A 
ay 


(11) 


(12) 


3 [cos X cos (d— w')] 

3[-2 + | C08*^X (i4-cos 2 («—■y'))J 
+ ^ 3 [(~2 cosiX4-^ cos® X) cos (1;—«') + ! cos® X cos 3 («—v'lj 

+ 1 

This expression admits of being easily computed. Dividing by sm X or ^, 
the function becomes 


-”‘' [p3+^ 3 cos X cos (v-v') + j, (13) 

or a function of very similar form to R, from which it can be derived. 

From these expressions for the function R and its differentials, the right 
hand side of the equation (A) is to be developed in explicit functions of t, so 
as to render possible the integration of the equations This will be effected 
in the following sections 

Royal Astron. Soc Yol XLIV. c 
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Suppose 


1 =3„+()r, 


V = Va + OVf 


4 ' = 'I'o+H> 


nA htr V %!/ represent the values of r, v, 4/ m the undisturbed motion of 
I Moon,’ sJ’thIt Sr, aie the additional terms ivhich represent the lunar 

u 4.“ T P+- be tlie value of the disturbing function when the 

vlmbta'™, mdistarled values »„ and let 8R be the 

iraLual tem which arises from substituting m R foi r,. .J. their complete 

values fo+^r, v,+Bv, 4 '„+ 84 ^. 

Then 

R = R'’+SR 

Expanding m powers of 8r, in the usual manner, and 


E = Ri,+ 


w°’ + ■*: 










dm° . ., s 

j::^^ 4^+24 + rxf W 


Expressmg Sr in terms of 8 1 , from the equation 

g) = |.+ (s i)r.f' -1 =(-1.1 r+'-’(* (' O' 

from this value 

0 ’=ld'O’--[dT+ }’ 

(;:)•=! 1 


( 3 ) 
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and 


For tEe purpose of forming the various differential coefficients of R®, 
suppose that represents the portion of R" which involves the Xth power 
of r and the function cosj {v—v') Then 

= [_ 1 + 2 cos^X„]), 

' ~ [4 ^ I ’ 

= [(-| cos Xo+^ cos» cos 

[i 2 (yo-«o0]} ’ 

= [l-^cos^X^+^cos-* XoJ|> 

K4 = ^0 cos 4 («’<.-<)] ]• ’ 

= [(^ 00s ^o—^ cos* K + ^ cos'* cos (%—V)]|) 

R-t, = [(”i3 ^ ]» 

R^, = «i'|^ cos® \ cos 5 (y„-«„o]} , 


R"=E:„+R:,+R:,+E:,+a:„+R:,+B:.+E:,+E:,+R:,+... =sr;. 


Difteieiitiating with respect to r„ any of the above functions, and 


clK. 


dr„ 

Therefore 


r, ~ir^' = ^' R/,) ’ 0 ^ ^ i ~ G*' '*’ 0 “ n’ — F'' 0“— i) ... . (7>/+1 —w)}Rjj 




(B) 


' dr,’^ 


= mh) (k-i) (7 c-2) ... (7.+ i-w)}R;. 


(6) 


Similarly differentiating with respect to rj, 
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: (—l)“{(A-+l) (^+2) . 


■whence 


■ = ( —i)\2{(l+i) ( 1 + 2 ) (/I'+s) (^+w)}Rj, 


Suppose the function R" to he developed in a series of cosines, the 

aromnentof any term being a function of the four variables S, «, and 

the coefficient being denoted by K Then the function may be written 

[Ro] <^ = S R" cos (0, a, p, ,i) , (8) 

and supposing the cosmes changed into sines, but no other alteration iinadc, 
the new function may be written 

[R«] s,n = s K sni <!> ft) P) /^) 

Let the function be developed in such a manner that all the teiiiis 
depending on the factor; shall appear with arguments involving ; 9 , 

and that this factor shall not arise lu any other manner Then 

R°^ = s (R;',)a cos d 00, a, p, ix), (lo) 

and assuming this condition to be strictly fulfilled, 


6®^ = sm (jd, a, p, ix) = -y [Rl,] a,„, 

ClVa 


_ 2 -s> / 


duT~ cie^' 


—(R;j)a C03 f (jd, (i, p, fx) — Jl* L^^/]ioiu 


whence 


■=(-!)’• 2 /" r;„ 


= [Ro].- 


(") 

( 12 ) 


the summation extending to all values of; which are contained m R" In a 
similar manner it can be shown that, as v<, and v„' always and only enter into 
R° in the form (?j«— u/}, 
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and 


_ d^, 

dvj ~ dJb ’ 



(13) 

flin+l TD 0 

(14) 


R IS the same function of the disturbed coordinates r, v, 4^, as R® is of the 
undisturbed coordinates r„ i}/^, therefore the differentials of R with 
respect to ?% v, xf' the same functions of these disturbed coordinates 

as the differentials of R", with respect to v^, • 4 'o will be of the undisturbed 
coordinates The results which have been found wdl apply in both instances 
The differentials of R" with respect to d/,, are more conveniently obtained 

ftom a function whose value has been already ascertained Let 


dip 


= ^Z, 


(15) 


where Z is a function of r and S of the same form as R, or, by equation 11, § 3, 


Z = . 


1 + 


7 ' 3 S+P 1 



From the above 




— Z-hip 


dZ 

dip 


= ZH-AZ 


(16) 


It has been already shown that if Z be a function of r and S, then 

M~7L^'^~7{dr r <ZSI 


Substitutini' for and ^ their values derived from the value of Z ariven 

at do ^ 


above, and 


(JZ 

d'p 


: AZ = -g;/ 


y2 ^3 

5Ti+,V3 SS+ 




07 ) 


12 2 

Both or sin-^ ?>., and being veiy small quantities, it is obvious that then 

product, or AZ, must be very much smaller than Z It will subsequently be 
shown that AZ is at least six orders smaller than Z Deferring to a future 
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period the consideration of AZ, it may be assumed that 




Again, diifcrentiating this lavst equation, 

— — ( 19 ) 

dip 4 ' 

It has been just shown that AZ is extremely small, so that it can be neglected 
for the present, and thus the last equation may lie written 


Equations 15, 18, 20 will hold true of the diffeientials of E" with respect to 
vi/ if Z be changed into Z", for the reason stated in the jneceding page 

It remains to obtain the diffeientials of Z and ^Z with regard^ to 
r and B Putting m the value for Z the proper equivalent for S and treating 
7 J in the same manner as E®, then 


where 


z‘’=z:„+z^+z:„+zL+ +z;, = sz;, 


z:„=-m' 


Zb= -to' ^4 (3 cos x„ cos ('Wo-®,/)}, 


r-rO t ' 

z,„= -to' ,775 


, A!.] 3 _i 5 


'/o'® u 4 


cos^ X„ 


Zh= '^0 ^ («o-®o')| 

Similarly, putting for ^0 Es value )\ sin Ao, 


— sm X„ ^Z(j,+,), 

In this manner, by the same j/rocess as the differentials of IP were obtained, 
it can be shown that 

R" , V o*, 7,“ (22) 

■^J 5 J^ = S1UX„ (-1) t ) 

^2«+3J[^0 -Art pi V /iSw+l I 7 / 1 

^ J LA^+l)7J«an V O) 

= sm S{(A + i) (/O (/»/““■£) ‘Oi' + i 

0 (It (ly 



Z Wife 
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Real rallying the different terms, and 
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The above ib the complete expression for 11 in tcims of Z;;, and the three 

variations, 3 -, Sii, and It is symmetrical, and could be at once extended 

to a still higher powei of the variations without any tioiible As tar as the 

fourth power of 3 ^^, Sd, ^ it would be complete il thus extended, if pushed to 

the hfth power the terms of the form of AZ<, which have been omitted would 
have to be supplied 


5 - 

Resuming the differential equation to the radius vector, 


-2 (U^ Q (h 




and putting for r its value r. + Sr, expand in powcis ot S \ wlien 


r . ^ i' 


. 7 ^-- 2 ? 




For convenience let 

A « - p p ;]V*p ;j- 


A" 0) = 




' 2 df/ 7 +*^^ 


(X) 


0 ) 

(3) 

(4) 


Ihen substituting the above value of ?•" in the cliffcreiitial equation, aiul 
making use of the specified abbreviations, it becomes 




(%■) 


-r-i-d 


= F 0„)+A" CO- 
= F0„) + A" (,)• 


iJR 

(It 


■m 


iU 


■Q 


Ihe function Q has next to be expressed in terms of R", and similar 

functions, and the variations S ~, 3/?, S^f/^ m the same manner as R has bc'cm 
already developed 

As R and R" are identical functions of the disturbed and undisturbed 
Royal Astron Soc Vol XL IV. t, 
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their differentials with icspect to these coordinates 


/^ = S 7n B„ 
ch 


,1 P which IS assumed to be the same function of the dmturbed co- 
: lis rf, IS of the undisturbed coordinam. ha, been already developed. 

n bemg a particular value of E, D Only/ Q ttaelorc requires con- 

siderauou The partial differential (f) has been defined as the differential 
of E, m so far as the variable t is mtrodnced by the lunar coordinates 
Therefore (§ 2, Eq 5) 


<7B del flR ihi dR dj 

I - == •^4"^ "71 "T 


V cU 


d'tr dt"^ dij dt dt 


whereas the complete differential of E with respect to t is 

'^=^5?+% dt^dz drdx' dt dy' dt (L <U 

Consequently, putting 

/^R\' dR dx' dll’ dR de’_ 

\dl)~d'i>' dt'^dy' dt tU d,l 


( 6 ) 


(7) 


( 8 ) 


then 


■whence integrating, 


/dR'\ _<iR_ I' dR't.' 

Vdl/ ~ dt \dtj ’ 

At) — 

As z IS supposed to be zero, equation (8) may be written 




■dR\' ,dR I dd , dR d«' 


dtj 


dr' dt dt 


(9) 


From Equations 7. 13, and 14 of the preceding section may be derived 

the expressions 

.dn 


dr' 


; —lil (A,4-1) 
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Substituting these values, 


Suppose 


(f)'_-s(;.+.)E„ (i f)+%[EJ„(|') 


I 

^-^=mVsmr, 


do' 

= ^2i+mSc'^cos y , 


(lo) 


(lO 


then, substituting all these values, 

+ [®'/;]i.os [Se'siny]—Sj [i+i 3 (/"eo& (12) 

Therefore 

Q = E (/. + 2) E;,-2»^Sj [E/,]™-S a + i) [E,J„3 [Ec' sm y] + E^ [ 3 c" cos y]l <lt (13) 

Substituting this value in (5) the ditferential equation to the radius vector 
IS completely developed 

The differential equation for 'll/ is 

_f 7 R 

"*’)■) ctxj^ 

'Writing in this ^/o + Sv^ for 4^, and putting 
S’ (’/'») = 

/ (0 = (r +3 (fr i) +3 (ko l)\ (r„a 

the above equation becomes 

(^„)+/0){tf„+c>j +1?; 

which IS the form under which it will be employed. 

Finally, the differential equation foi the longitude of the Moon is 


(14) 

(‘ 5 ) 

(1 6 ) 

(17) 


dv 


dt r 


As 




(18) 
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the term mthout the brackets m (i8) on bemg expanded becomes 

-T (+.’+w)’) ’ j *+*(*■•* 9 t) 1 

+ + ^ + (v f) 

Next, from the value already found (Eq 1 1 , § 4 ) 


3 




Subbtituting these values, 

(i+ 2 (»„a 0 + (r„s 0 } 

^0 


] (19) 


+ ;i{t^/ + 2t/.„Sr// + WnMl + 2G«2 0+O<'"0 } ~ '■ 


1 7 //.I C <30^ 


§ 6. 

The perturbations of the Moon’s radius vector, or 3 will consist, ol a 
series of cosines of different arguments, and r, being also a scries of cosines, 
their product, 30 and aU its powers will consist of series of cosines Suppose 

therefore 

0* = a' cos [i = SA* cos (j> (6 a P n), (0 

the term cos 3 being supposed to represent the general teriii, and which 
IS supposed to successively represent every term in In the same 

maunei let 


[gi>]'' = Al sm p = sin <(>(6 a.p f<) 


(0 
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the pel tm'batKjus of the Moon’s longitude being reiiresented by a series of 
sines, and A[, sni ^ being the general term, and supposed to be made ni 
succession ec^iial to every term m the pertinbations m longitude Lastly, lu 
conformity with the same principle, let 

C^/Jeos = W; COS a = cos ^ (6 a (j fi) (3) 

and 

I-^z/Ihui ■ / Sin a — sin cj) (J) a ^5 (4) 

the coefficients of the last two series being identical when their argument & 
ai c the same 

It has been stated already tliat it has been found more convenient to 
consider the effects ol the pertinbations in latitude through the aid of a 
different function to that by winch the (‘ffects which arc mdependont of the 
peiturbations in latitude arecomputi'd Foi the jiresent therefore the jicrtur- 
bations will be considorcd to be zero 

Then putting Q' for the value of' under these conditions. 


Q' = [Z + 2] [R,Jc„«-2[«■/,]«i„- (/. +1) [H,, |(ilJam y) +j [H„](i:«" cos y)}df (5) 

Next, write for convenience 

X/=-{(i—/.A,+ (/„+^/, [/,_i])AA—(/,4-/, [7,- 1 ] + ’/„ [i—i] [7i.—2])A,’+ • ) 

(j+yA„—^^^A, 2 -^_y 3 AP+ )-l), (6) 

= 2 {(i -+ a + 2 M ’ ])A,( 7 , + 7 . fz - 1J + ^ Z [ 7 .- 1 ] [ 7 t-2]) A,^+ ) 

(i-^A-^ j/2A„“ + Jji*A/+ (7j 

and substitute in the value already found for (Eq. D) It becomes 
= fcos « + (LA/,+A/,) cos d) cos o+TAt/—Ay] sin /3) sm a) 

4 - 

= R//^{cos a + A/^ cos (a -h/3) 4-A/,^ cos (<t—/3)} 
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Siibstitirtmg this expression in the value of Q' it becomes 

= E (A+ 2) E," [cos a+i,, cos ((t+/ 3 )+A/, cos (« -/ 3 )} 

-2 [_l + i] (Ec' sm y) cos a +2) (Eo" cob y) sin a ] 

+ A;, {2j sm (a+/ 3)-2 [/. + i] bin y) cos (« + /]) + 2j (Eo" cos y) sin (n + / 3 ) i (9) 
+A„ [ 2 J bin G-fi)-2 [l+i] (i!c' sm y) cos (a-il) + 2y (Ec" cos y) bin 

In confoimity vith the principle aheudy applied to the expressions foi 
the perturbations, suppose that the sign of snmination S is iiiidei stood bctoic 
(/, ('\ y Then, effecting the multiplications, 

' = S (/t + 2) E"j [cos a+A cos (a+/ 3 )+A cos («—/>)] 

— ([/.+ 1] o'—yc") sm(o + y) +([/i/+i] c'+j/d') &iu (k— y) ] (to) 

+1.1, [21 sm(a + / 3 )-([/*.+t]c'- 7«'') sm(a+p+y) 4 -(U^+i] o'+jo") &in(a + /3 —y) 1 
+A„ [2/ sin (a-/3)- ([/, +1] c'-jo") sm (a -/3 + y) + ([/. +1] o'+^d') &m (« -/l-y)]) dt 

In effecting the mtegration, for convenience suppose the coelhcuaits of 
t in the functions «, y aie «!, 7, respectively, so that 


sma 




COS (a+/3 + 7) 



Then, by integrating and rearranging, Q' becomes 
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Suppose then 


2'a.+!)j = cos a', 

O3) 

zh = K cos 

(14) 

sin X (o'/') — h-~ cos ft', 

(15) 

I (S^)2 = A.* cos ft", 

(16) 


on the same pimciple of notation as before, these being supposed to represent 
the general teims Then, refeiring the geneial {unction to the single general 
argument in the same manner as before, it may be supposed that 


smX(c» + + + 7] 




:{A, (l + An+I), +A(;_|.n,) cos jj'l, (17) 


exactly as it has been assumed that 

(i-a) f\+0' +l 7 ] - -i i 

— { (1+^// +-^1) ) cos/;} 

Then, according to the method which is mentioned on the preceding page, let 
R"„ «, ^, 1 ;,, be replaced by a', A,A,„ and A A,, respectively, 

Q' wiU yield the additional terms m Q which depend on the first ])Owei of the 
perturbations 111 latitude, neglecting of course in the portion wliicli is 
independent of the perturbation In the same manner, replacing in the last, 
a', i 3 ', A^ by Zl, a", Af the second portion of Q depending 011 
the second power of the perturbations 111 latitude will be obtained Make 
these changes and add together the different portions, and the complete value 
of Q will be 
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It IS only necessary to put for I and j? their proper numerical values, and 
the above expression will give the complete value of the differential equation 
m general terms 

The differential equation to next requires consideration, and this may 

be reduced to a very similar form to the above in a very similar manner. 
Let 


^0=^ sm 


the above being the general term, then, from Eq 15, § 5, wntmo the 
integrating factors on the same principle as before, ° 

The senes of which the general term is G sm may be regarded as a small 
poition of the larger series for of which the general term is 


Gif' = sm f 


(22) 


Supposing then this smaller senes meorporatcd in the terms of the same 

arguments in the larger senes, and put on the same prmeiplc of notation as 

betorCj 

f (,) = i_u-» {1 + 3A, +3A,2+A, q cos 13 , 
and the second term in the differential equation to yp becomes 

/ « = A, sm A, UMi +3A, + 3 A,=+A,*} sm (i+p) 

-2 A^ U-* [i +3A, +3Ay+A, *} sm (^24) 

Considering the last term of Equation 17, § 5, 






I 


e . ,J 3 R“ n-oo 

d)Jv,dyp^ 


1 

+ 


(-5) 
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Putting for the different differential coefficients the values which have been 
already found for them, and for Sr its value m terms of S i, and the above 

expression becomes 


,itf 


= sm x.: 


+ sm X„2{—^ (i 




?,+ i] + [7u+i] [Ai+i] U^--^D (’•d^ 9 - ‘ 

[/d+i] +([?-'+ 1] +; [^^+='3 (v 0 " ^ 

} L^a+'iil* 


+ -/6V- 


+gip i: +(W + 2 ^^“' r) 

+ ^ {-J (i-W (v ;) +(m 0“^ r) " ■ ‘ ) ' 

“1" } L^i/lsiit 


(26) 


[zll. 


The terms depending on ( 3 d-)* involve as a coefflciciit ^ or its differentials 

with regard to r and «. and these are so small that it is assumed they can be 

neglected. . r. j 4. j 

Let the following general expressions be adopted • 


s,m X„ L^ia+i) /J»» — ® 

(27) 

sin \ [Z°A+i5,]sln = —Zrt+ 1)4 

(28) 

W LZlloo. = ZlA^sm-r', 

(29) 


(30) 


Substitiitmg these expressions, together with those previously defined, and 



I 2 ( -^1 +([^+^] + 2 [^‘'+1]) ([^■'+l]+^'' [^‘ + l] + g [^■'+1] [^'-“l]) -^)®+ • ) 

g/A„®+ . )|-Sin (7rH-/3) 
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-|(i —IA,4-(A+- L [^-i]) 
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The above forms tlie complete development of tire differential equation loi 4 
As a mattei of fact, tire two series of arguments, distinguislied as tt and tt', 
are identical, so that these last two groups could have been united into one 

They aie more convenient, howevei, m tlicir present form 

It only remains to reduce the differential equation lor the Moon s 
longitude to the same form as the two others Put 


1+2 


(i+A,)^ COS 


( 3 -’) 


I + = [J2 (G+A,)^ cos ( 33 ) 

^ (> 

Tlieii, on the same principle of notation as has been previously adopted, llic- 
differential equation becomes 


— = W[(i+A.,y+TJ^ {G + k^y- (i+A.p-d'' (G+A^)‘ (i+A,P +tJ'- (G+AO'’ (■+A,)'< 

tit 


-U® (G+A^)" (i+Ad'H 1 


„n itl\ cos 0) 


Putting for the function under the integral the value which has been alii'-uly 
found for it, 


(]t= |-^-cosa+ A„ cos (a+/ 3 ) 


|--cosai- 


+ li, C 0 s(a-/ 1 ) 


+ { -r A Afi+,], C0& (a'+ff) 

+ A At,+,], («i'-/h')l 

+ 2Z;, { +kA,, -"-Jt + 


( 34 ) 


+ k?k,j af'-Jf' P‘" - ) ! 


The above value of w mcludes the value o , exclude this last value, <iud 
combine the two terms, and 
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do 

df ~ + +A,)2 + ir2 (G+A^)2 (i + AJ-i-Tr^ (G+A^)4 (i+AJi’ + U® (G+A^)s (i+A,)* 

-U« (G+A^)8 (i+A,)>o}7i cos 6. 

+ i;E;: cos a + l, cos (a+/3) + A,,-_^ cos (a-/J) J 

+ '"2[X+l]/A [A[;.|.i];^^- 7-^-^C0S (a^ + /30+A[/+lJ; m'-fij' 

+ ^Z'‘A/ {A;, - cos («"+/3'0 +1,^ cos (a- -/3'0 ] (G) 

+ ; U^[(i+A,j2+U2 (G+A^)2 (1 +A,)^-U^ (G+A^)^ (i+A,)« + U6 (G+A,)^ (i4-A,)»] 
Rv [cos (« +<u) + cos («-<,,)+A,[cos (« + /] + ,.,) + COS (<,+/]-<.;)] 

(«~/j + w) + C0S (a—/) —w)] j 

+ ^K+nA {A[/+,j, „ [00s (a'+jV + u,) +COS (a'+/3'-«) | 

+ A|;/+1]/ ai'-ft/ 1°"® (a'-p' + io) +COS (o'-/3'_,„)]J 

+ i;zr^A/ (A,, [cos (o"H-/3" + w)4-cos «"+/3"-w)] 

V ^ '-/3i'> (“"-/5" + <-0+cos (a"-/3"_,„)]j J 


§7. 

To complete the development of the three differential eonatione, it is 
only necessary to pve to k and ; m suecession their proper nnmerlcal valnes 
Ihese values will be given by the equations B, on page ii, and C, on page 14 
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In the same manner the ditferential equation to the variable t// is, when 
completely developed, as follows — 

+ |a^ sm A^U® (i +3A, 4 - 3 Ar®+A, 3 ) sm G+/3) 

“2 + 3 -^®+-A^®) sm (^-/ 3 )|- 


+ G Z:„jl{(i-A,+Ay-A,»- 

) G 

)} sm (7r4-/3) 

+ i{(i-A,+ A,s_A. 3 _ 

) (r 

)} sm (ir-^)| 

+ Q Zhji{(i-2A,+3Ay- 

) (l+A t,—I At,'^ — 

2 

)} sm (jT+g) 

+ ^ ((i-2A,+3Ay- 

) (r_A,-Ay- 

)}sm(,r-/ 3 )| 

+ G Z';„[I{(i-3A,+ 

)(i 

)} sm (ir + /l) 

+ i{(i-3A.+ 

)(i 

)}sm(7r-/l)| 

+ G Zt,ji[(i-3A,+ 

) (1 +2A,— 

)} sm (7r+/3) 

+ 2 {(i- 3 A,+ 

) (1-3A- 

)} sm (ir-/ 3 )| 

+A^ Zooj sm 5r' 


) 

+ A^ Z;’„j^-{(i-A,+ 

) 

) Sin (7r'4-/3) 

-1 {(l — Ar + 

) 

} sm (tt'—/ 3 )| 

+ A, 

) (1+ • 

)} sm (7r' + / 9 )^ 


) (1 + 

)} sm (tt'—/ 3 )^| 

+ 



As there are no terms m A, or A^, 

the factor /3 is also zero, 

so these two terms 


really the single term sin tt' 
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Finally, tlie differential equation to the Moon’s longitude is 

J = U^{(I+A,y+U2 (G+A,^)^ (i+A,)^-U^(G+A^)^ (i+A,)® + U« (G+A^)® (i+A,)’ 

-TJ« (G+A^)® (i+A,)''>+ } h eo& w 4-/4 


+ R:,f-eosa+—E tt {(i-2A^+3A,=-4A,«) (i + 2A„-2A„2_4 A„3)-i1cos (a+/l) 

icii ai-hpi o 

+ —E^{(i —2A,+3A,2— 4 Ay) (i- 2 A„— 2 A/+I A/)-i}cos (a—/5)| 

—Pi o ' 


I 

4 .E;,{io™,.+j^{(.- 3 A,+ 6 A,*- 

I 

+ 2 ^^{(^- 3 A,+ 6 A, 2 - 

3 

+E“,[^cosa+^^{(i-3A.+6A,2- 

O 

+^^;^{0-3A,+6A,^- 

+R:,[Ecosa+^^{fi-4A,+ 

+R",[Eeos„+-^{(i_4A,+ 

+^;^j{(^- 4 A,+ 

+Rri -cosa +R“ 

tti 


)(i+A,-iA„2- 

) —l}cO& (a-H/j) 

)(i-A„-iA/- 

)—I}C 0 S (a — / 3 )| 

) (i+3A„-|a„2_ 

)~I}C 0 S (a + /]) 

) (i-3A„-| A,;- 

)-i}cos («-/!)] 

) (i + 2A„- 

)-l}cOS (a + / 3 ) 

) (i-2A„- 

)-l}cOS (a-/ 3 )| 

) (1-4A,,- 

)~”i}cos (a+/ 5 ) 

) (i- 4 A„- 

)-ljcos (a-/ 3 )] 


+ E55 — COS a (J) 
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S004-(« + c/-7^) soo]{i~( + ( + e'Y^-g'Y" + -1)} 



[coa (a + w) + 00S (a —w)] 
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) (l— 4 A,— ) —l}[cos (a+/3 + w)+COS (a + /B —w)] 
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§ 8 

Assume that it is possible to express every argument involved m the 
different functions which constitute the various dificrential equations as linear 
functions of the four angles Q, S, «, ft, increasing uniformly with the time. 
Then, by giving proper integial values, positive or negative, and including 
zero, to the four coefficients z,;, Z, I, every aigumeiit may be included under 
the eommon form 

{jQ+j/B+A-a+Z^} 

By pronerly defining these four variable angles tins assumption will be 
rendered permissible Furthei, suppose it to be possible to express the 
coefficients of these aiguinents as functions of the five small quantities, m, c, 
£, 7), h, to be hereafter defined, and assume that the lowest order m which 
these quantities are involved m these coefficients is known and I'xprcsscd 
by s Then all these arguments may be expressed by the general symbol 

P"' 

a 

Let P be a general function of the foini 


the summation being made to include every argument which outers into any 
of the functions winch are comprised in the differential equations, dlien this 
series denoted by P may be regarded as being the general function of which 
the diffeient functions entering into the various differential equations are 
particular cases By giving proper values to the coefficient P,',, including 
the value zero, this general expression P may be made to represent any par¬ 
ticular function or sum of any particular functions that is involved m the 
differential equations 

Let s be the order of the coefficient of any particular term m the 
function R", the argument of this term bemg supposed to be denoted by 0 

The coefficient of the corresponding term m rr(,b-J,that is the term wilh 

the same aigunient 0, will be of the older 5, (s—i), or (s—2) If the first. 
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distinguish the teim in the general function P, by writing the coefficient 
unaltered as If it be of the order (s-i;, write the coefficient P«' or 
Pi'^ If it be of the order (* — 2), write the coefficient as P^/^- or Pf/h 
Considering next the corresponding term in (Su), its order will be also 
s, (s-i), or (6-2) Distinguish these three cases in the geneial function P 
on the same principle as before, writing their coefficient as Pf;\ P^’’^ or P<'>', 

and P^'^ or P^ Thus a coefficient which is of the order (s—i) in j^r„S ij 

and of the order (s—2) in the function (Sv) will be denoted by P^'’>'' or P^'-h 
With these conditions fulfilled form the pioduct P x P, and distinguish 
between the terms which arise from the addition of two arguments from those 
which arise from the subtraction of two arguments by prefixing the svmlml 
( + ) and (-) respectively. Then 

cos (id + ^/j + /,a + l//j ) X COS 'aO + //lj + /,a + l^} ) 

“2 ^ ^ W + fl+(yi4-y2)/3+(/»i + /.2)aH-(/[ + Z^)^} 

+ cos (01 -^ 2 ) 0+0,-?2) /I+a h) l ^]), 

the coefficients being, to save confusion, distinguished by suffixes This 
product will consist of a series of arguments of exactly the same form as P, 
and practically of almost the same senes identically Consider any one 
particular term m this product (P)" with the argument 

{W0+O)d+(/C«+C)M 

Then this term may be written as 

J "{( + ) + ( —) P„ Po }C 0 &{(«) 0+(j/)/}+(/,) (ju)} (2) 

The terms involved in this expression are supposed to be 

Pa, OOs{tj ^-p7i-j a+Z[^} , 

Pfls^ cos 1^2 M J 

p® COS {^'e+y p+i' a+i> ^2, 

P|fl cos{2"0+j("/3+/."« + Z'V} 

Then m the expression for (P)* these quantities are to take every value which 
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occm’S in P witliin the limiting conditions that (?) + (“?) does not exceed a 
certain fixed value, and that 

(,, + l2)=(l), 0l+^2)=0)> (^1+42) = (4), 

= w, (/-/') = o)> a'-y')==go, g'-('') = g) ( 4 ) 

When tins product is properly formed the coefficient of any argument 

in the product of two series of cosines, such as R" and ^can be written 

down at once by putting for the general expression P^'^ &c &c the 
proper coefficients &c and A®. &c. 

Prom the four trigonometrical expressions 

2B1 cos cos ^2= cos (^)—^2 )+Bi®2 cos (<l>i+f2), 

2B1 sin (pi B2 sin 02= B1B2 cos (0, —02)—B1B2 cos (0i+02), 

2B1 cos 01 B2 sin 02= —B1B2 sin (0i—02)+BiB2 sin (fi + fOt 

2B1 sin 01 B2 cos 02= BiBj sin (0i—021+^1^2 i<p\+<p2}, 

it IS evident that, by changmg the sign of the terms resulting from the 
addition of two arguments, or those to which the symbol ( +) is prefixed, the 
expression for (P)^ will yield the expression for the product of two series of 
sines Similarly, changing the cosines of the series into sines and the 
expression will yield the result for the product of a series of sines and a. 
series of cosines, the apparent drawback of being obliged to retain the 
expression in the form of the last trigonometrical development being readily 
obviated by a simple artifice 

It IS only necessary therefore m the general expression for (P)- t.o 
replace the coefficients P^f &c by their special values in the functions R", 
Z", &c &c to be able to write down all the products which, when united, 
form the complete development of the differential equations 

It IS more convenient to form two separate special cases of this general 
function, one consistmg of arguments either independent of 3 or involving 
an even multiple of @ and the other depending solely on arguments involv¬ 
ing an uneven multiple of 3 By this means the length of the function 
denoted by (P)^ may be much shortened The second class of terms is only 
wanted for the perturbations in latitude Finally, if this process is adopted 
additional functions will be wanted expressing the product of these two 
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smaller functions by shorter series depending on arguments involving uneven 
multiples of ^ Though in piactice this modification is much shortei, in 
theory it is simpler to suppose that the function P is complete 


§ 9 


Prom the expression for the product (P)^ obtained by multiplying the 
general function 1^ by itself, the different powers of [r„5 and of [ou] and 

of their products can be readily formed In conformity with the notation 
aheady established, suppose the coefficients of any particular term whose 

argument is /3 to lie denoted in the following functions in the following 
manner:— 


['»s-]=^v [v;] =a;;, [?»]=a,^, [<n]“=a:;, 

Returning to equations 6 and 7 (§ 6), let 

[A;,]„=-|(i-Z,A,„+(?>' + ,il)Af^-(7„+/. [/^_i]4.l[7^-2]) ) 

(i+A 


(I) 


(2) 


[Ai,h-;|(i-A„+(it+-7. [/.-r])A"^-(/^+747.-iJ + ^ I [L-i] [7.-2]) A!^+ ) 

(''“A.-j— 2 7Ay + (5/A,^+ Ai|. 


and further, to secure brevity, for any argument 0, put 


/6= [ 7 . + 2] + 2J ; 


-e/+y 7 - 


/( 


(e-y) - 


: m 


(Z/+ i) c' + 

ei- 7 i 


( 3 ) 
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TEen the value of Q' (Eq 12, § 6) may be written 

Q' = S I {/. cos a+/(„+„ cos (« + y)+/t._,) cos (a-y)} 

+ [Xj 4 {/(«+« cos («+/b +/i"+s-iT) cos (a+/3 + y)+/i„^^_.i cos («+/' —y)l 


+ [^o]icos («—/])cos (rt —/3 + y) + /,,._^_,, cos (a—/]—y)j ^ 
Consider any particular term in Q' whose argument is leprcscnted in 

{(0 e+(;) ft+00 «+C) M = CO (s) 

Suppose the coefficient of this teim in ir IS [u;],, and let two represenl.it i\0 
terms m R" be 

[Rbla. cos{n^+yi/^+C“+ ^iA'} — LffiJir, cos [Cljj (t>) 

[Rbla cos = |R;d„'C0S L“C (7) 

In a similar manner let two representative values of the angle (3 be 

[H6+j2fi+l<'2«-+hH-] = ^2, (■' 3 ) 

{v'e+y73+i"a+z'V)=P"> ( 0 ) 


their coefficients being distinguished by the suffixes /lo and /C respeei ively 
Then these representative terms give in the poition of Q'tvhichis inde])('ii(lont 
of the angle 7 the term with the argument (a) 

I {2 [id. /■c-o+ [Ro]„ Lij//') cos 1 (a) J, (to) 

with the conditions 


= (at) 01 {C1+I2) ^+()ii+j2) /!+(/'!+^‘-2) «+(h + 0 /‘J 

— {(0 t^+0) P+ilf) “+(/) A'l) 
a'+15" = (a) 01 {(I'-i') e+(j'-f) l5+(U-l") u + il'-l") 

= {W« + 0)/3 + ( 70 «+( 0 /<], Cl) 

where the angles 6 , a, ^ being supposed independent, their coeilicmiith 
must be identical for the two values to be equal, or (il + ^2) = (Ot (yi+7j) = (j')i 
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&c &c Summing up every pair of angles satisfying these conditions, and 
putting Q';^ for the portion of the coefficient independent of the function 

2 /(«)! or making 

q:;„ = E (L-a;jc.>+[R;]«, [Ao]„ + iKla' CMd. h (12) 

and the portion ot the coefficient ol the argument (a) 111 the function Q'which 
is independent of 7 becomes 


T , 1 

^ /tu)Q(u) = , 


/f«i{CR'/[A/,h h-LR-uI-t'LM’,],,]> 


( 13 ) 


the summation extending merely to the pairs of arguments a„ /3, and a', j3" 
The general expiession for (P)^ is exactly analogous m form to the 
above, nnd is coextensive, so that d, gives every ])ossihle combination of 
a, or u, h, whicli fulfil the necessary conditions Every teim therefoie 111 
the coc'fficient of the aigumcnt (a) in the function (P)^ which is of the form 

(C+)E,!’«.+(-) (14) 

will have a corresponding term of the form 


I A/y |/,^+ [R'// Id' ( A/, 1 *") (15) 

m the function Q(„) These terms can bo written off at once from the 
expression for (P)^ 

Considering fJie portion depending on the angle y, which represents a 
series of angles of the same form Let lliis scries he denoted by 


y = (- 1 ( 5 ) 

and extend the notation for the angles by making 

a±)i= [id+jl3+/ia + (l±:n')ij.} (ly) 

Finally, when y = ng suppose 


•fcoiy)— fe±u (18) 

Referring to (4), it is evident that the portion depending on the angle y 
may be divided into two portions, those in which y is added and those m 
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vfhich It IS subtracted Considering the angle ©, on the addition of y it is to 
become (a), therefore 0 must be made equal to («)-y Instead, therefore, 
of taking the angles a and j3 so that a, {a+^), and (a-/3) are equal to (a), 
they must be taken so as to make these equal to (a)-n 
By 12 therefore 

Q(ffi)-n = ^ + [S’ola . ( I 9) 

the terms distinguished by the sufiixes a', h" being now taken so ns to 

satisfy the conditions 

“i+Zh = («)—’'> (/—/]"= (a)—'ll 

By combination with the angle y = n/i each of the above terms gams the 
increment ny, and their argument becomes (a) Therefoie the portion de¬ 
pending on the terms in Q' which add the mcrcment y to the argument is 

2 21 /[(„)_»]+» {Q(a)-»} ( 20 ) 

By simply changing the sign of re, the corresponding portion depending on 
the terms in Q' which lose the angle y fiom their arguments will be found 
The complete value of Q' will give therefore as the coefficient of the 
argument (a) in the function Q' the expression 

The summation extends merely to every integral value of n which it is 
necessary to consider. The functions Q"„), Q(a)+„ aie to be derived 

from Equations 12 and 19 by the aid of 14 and 15 

The portions of Q (Eq 18, § 6) depending on the function Z are to 
be formed in exactly the same way, it being merely necessaiy to alter the 

notation by ivriting and [A.+for and [A,respec¬ 

tively, and similarly for the other functions 

By this means the complete development of Q may be made to depend 
entirely on the expression for (P)^, it being only necessary to replace one 
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symbol by another to obtain from the value of (P)^ the complete value of the 
more complex function Q 

In exactly the same manner as Q is developed, the complete value of the 

function can be obtained (Eq 3^) § 6) In this case no terms depending 

on the angles typified by y occur (Eq F), so that this portion of the ivork 
vanishes 

Iinally, the development of the difterential equation to 3/’ divides itself 
into two poitions One in winch the work is exactly of the same nature as 
developing Q, only that no terms depending on 7 appear Secondly, a portion 
depending on the tuple combination of a, j3, andco, and necessitating a double 
application of the function P This can be simplified, because, in forming the 

third powers of ^ j and (3^)) a result equivalent to the formation of (P)' 

IS obtained l>y a slight additional labour the complete function of (P)* m 
the special case of the argument involving only even multiples of (d, or else 
independent of 3, can be formed Tins special foim of (P)‘ will enable this 
double application of (P)‘-^ to be avoided and reduce the formation of tins part 

depending on the tlii'cc angles a, /3, « to exactly the same form as that 
depending on a, ji alone 

Londonj May 1877, 
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II. Betmmnatxon of the Solar Farallax from the Opposition of Mars, 1877 

By Maxwell Hall, Esq 


- ^ - 

IHTRODUCTIOH. 

Observations of j\[urs Avere made ui Jamaica dm mg the last opposition 
of the planet, in order to determine the Solar Parallax by means of the 
displacement of the planet in Right Ascension, ivlicn far east and far ivest 
of the meridian as seen at a. single place 

The small Obseivatory is situated about 5^ miles south-east of Montego 
Bay, on a range of lulls 1,800 feet above the sea-level, the biiildings consist 
of a squai e transit room and a circular toAver for the Equatoreal, the jners for 
the instruments are founded on solid rock, and the Avhole of the masonAvork 
is compact and substantial 

The instruments Avere made by Messrs Cooke & Sons, of York, and the 
mounting of the Equatoreal is very firm and massive The aperture of the 
object glass is only 4 inches, but the definition is very good , the transit eye¬ 
piece has five Avires about 2' apart, and a poAver of 120 AAms employed 
It IS needless to refer to the usual appliances and means of adjustment, 
except, indeed, the long microscope for leading tlic declination circle from 
the observing seat, Avhicli Avas found to be particularly iisetul 

The Transit-instrument has an apeituie of 3 inches, it may easily be 
reversed , and it is provided Avith a very delicate hanging level The setting 
circle IS adjusted by another very delicate spirit level, so as to indicate zenith 
distances , there are tAvo verniers, diametrically opposite to one another, and 
furnished Avith microscopes By means of the A^ernieis the limb of the circle 
IS divided into parts containing 20" of aic 
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As soon as the Transit-instrument and the Clock had been mounted, the 
settino" ciicle was employed to obtain the approximate colatitude Five zenith 
distances weie observed on the evening of October 27, 1875, and five more 
vere observed on the following evening, the axes of the instrument having 
been leversed in the meantime, in order to eliminate the index error of the 
ciicle by meiely taking the mean of the ten results. Flora these observations 

the colatitude was found to be 71° 35' 8" 8 

In order to confirm this value, a second series was commenced on 
September 22, 1876, 28 observations were made on five evenings; the 
instrument was reversed every evening, and as many stais observed in the 
one position as in the other , the resulting colatitude was 71 35 9 4 

In February 1877 it became necessary to arrive at a definite conclusion 
regal ding the colatitude, and on the evening of the 15th twelve observations 
gave 71° 35' 9" o, which was so satisfactory that it seemed useless to continue 
the work, especially as the colatitude may be affected by local disturbance of 
gravitation 

In order to obtain the most probable value of the colatitude from all the 
observations, we have 

n 

10 X 8 8 

28x9 4 

12 X 9 o 


92, 


= 88 
= 263 

= 108 

50)459 


so that the colatitude is 71° 35' 9" 2, nearly 

Considering the Eaitli as a spheroid of revolution, and adopting 
Captam Clarke’s results [Meinoirs of the Royal Astronomical Society, 
vol XXIX), the angle of the vertical is 6 ’ 59" o, and r is o 9996641 in 
terms of the equatorial radius But the elevation of the Observatory 
above the sea-level is 00000860, hence we must take r as 09997501, 
and log r as 99998914 

The longitude of the Obseivatory has been found from transits of the 
Moon and Moon-culmmating stars, and the tabular positions and motions of 
the Moon as given in the Nautical Almanac The first limb has been observed 
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24 times, and the second limb 20 times , the approximate longitude deduced 
IS 5’^ II'" 10^ west of Greenwich, with a probable error less than 1", but as it 
IS my intention to make a few more observations, and to equalise the number 
of times the limbs are observed, the article on the “Longitude by means of 
Moon culminating Stars ” has not yet been completed Tbis is ot no conse¬ 
quence at present, as only an approximate value of the longitude is required 
Ihc Clock IS provided with a mercurial compensating pendulum and the 
dead-beat escapement It was an inexpensive mstrument (costing only ;^35), 
tor It was chiefly intended to adjust tbe Equatoreal In March, before the 
opposition, I cleaned the works, and attended carefully to the compensation , 
and as the daily change of rate was generally small, o’ 5 or so, I hoped that 
the clock would be sufficiently good for the observation of Ifars. But herein 
I was completely mistaken, and must explain as fully as possible 

At any given instant, let E be tbe Clock Erior, E the Bate in one 

sidereal day, and the Acceleration , then if Ej was the clock eiror at an 

instant preceding the given instant by the interval 4, expressed in terms of a 
sidereal day. 

Similarly it be the error at an instant following the given instant by the 
interval 4, we have 

K, = E+,,E+v(>';j). 

Let 


B-E, 

4-’ 

Bo-B 

so that J’l and r^ would each be the clock rate if unifoim, then 


1 (]K _ 9 I 

2 (It ^1 Hh 


Ri — ^ 1 "f" ^1 


fi (m\ 

U cuj- 
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The.e were the equations employed to find U and 




that 


f ™ very small and nearly coirstant But m fact f was the opposite ui 

tofh respects, going through large changes m very smaE pciaods ot time: 
for instance, an inteival of 120 seconds between two stars is genera ly 
measuicdby iip'S and 120’ i alternately, but often there is tar greater 
irregidai-ity, and differences of o- 2, o’ 3, and o' 4 will be found in bee III 
between consecutive measures of such an inteival 


Consequently 


as found above, is merely the sum of all such 


irregularities during the 24 hours, and the fact that Avas small refers to 

the mathematical theory of probability, rather than to tlic ([uality of the 
clock 

This was not known until the observations Avere in progress , of course 
gmflll discrepancies had always been observed Avith the Transit-instrument 
and the clock stars ; but the eirors of adjustment are liable to change, and 
the errois of observation Avith a low poAvei of 70 aie large, so that the 
Transit-instrument had failed to detect this performance of tlu' clock , 
moreover the mtei’A^als between the Naiihcal Almanac stais are generally 
about ten minutes, and duiing that tune the clock goes through several 
changes. 

The obserA'ations were commenced on the 4th of August, and Avcie 
contmned Avitli but few mterruptions up to Scptcmhei 17, Avhen the wcathc'r 
broke up Indications of a cyclone SAveeping the Gulf Sticaiu Avere apparent 
on the 25th ; it passed Jamaica to the south on the 27th , but the sky Avas 
not clear for some clays afterAA'^ards, Avheii it was considered inexpedient to 
resume the observations 

The woik IS dmded into four sections The first contains an article on 
the adjustment of the Equatoieal, the second an article on the reduction ol 
the observations, the third contams the ohseivatious themselves, and the last 
the determination of the Solar Paiallax in accordance AVith the previous 
sections 
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Section I 


On the Adjustment of the Equatoreal 


In the adjustment of the Equatoical, correction or allowance has to he 
made for eight instrumental errors; and as refraction must also be considered 
at the same time, there are nine coircctions to be made, or indeed ten, if we 
include the clock error Refraction requires our first consideration, as soon 
as Ave have explained our notation 

The Hour-angle of a star, h, is measured on the hour circle from the 
meridian ivestwards through 24 hours to the meridian again, the Right 
Ascension, R A , is measured fioin the First Point o£ Aries along the celestial 
Equator m hours, minutes, and seconds of sidereal time, and the North Polar 
Distance, A, is measured on the declination circle in preference to the 
Decimation itself, in order to avoid the sign of the latter 

If the telescope be directed to a star at its upper transit, with the 
decimation circle towards the Avost, and il the star be folloAved in its diurnal 
course, the telescope Avill ahvays be in the direct position. But if the 
declination circle be towards the cast, and if the star be folloAved in the same 
manner, then the telescope will ahvays bo 111 the reverse position For the 
sake of distinction, the Hour-angle and the North Polar Distance are marked 
A and A' wh( n the telescope is in the reverse position 

Let f" be the Mean Refraction 111 seconds of arc for the ajiparent zenith 


distance of 45°, let / = 


f 

15' 


so that f is the same quantity expiessed in 


seconds of Right Ascension; and let a similar notation be applied to all the 
other coefficients of the corrections Noav the mean annual height of the 
barometer (unreduced) is 28'" 20, and the mean annual temperature of the 
air IS 72° o F , hence, by Bessel’s “ Refraction Tables ” {Greenioxch Appendix 
for 1853), Ave have 


/ = 3 49 > 
/' = 52 38 , 


log; =054304, 
log/' = I 71913 
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But these constants will require correction at times for variation in the 
barometer and thermometer ; supposing that the readings of the barometer, 
B are always unreduced, and that the mercury in the barometer has the 
same temperature as the mercury in the thermometer, T, exposed in the 
shade, we have 

s s in o 

/ = 3 49 +0 12 (B-28 20)~0 0075 (T —720), 

/' = 52“384-i86 (B —28 20)—o 112 (T —72 o) 

Xow if 0 be the apparent zenith distance of a star, the lefraction in 
zenith distance is/' tan a, unless the star is very near the horizon . tlie error 
IS +3" I for the apparent zenith distance of 75°, and + 11 " 5 for the apparent 
zemth distance of 80°, so that the expression /' tan a cannot be employed for 
zenith distances greater than 75° 

In this figure we have 

PZ = 7 , the colatitude, 

PS = A, 

ZS = neaily, 

ZZPS == h, 

and if ZN be dra^^vn perpendicular to PS, 



sm ZN = sm y sin li, 
tan PN = tan y cos li 


and 


Isovr, suppose that a star is raised from S to 6 by refraction, then 

Ss =/" tan r, 


Ref 1 action in = 


f tan "<5 sin S 


sin A 

Refraction in A = —tan 2 ; cos S , 


■where S is the angle ZSP 
But 


therefore 


sm S sin y 
sin Ji sm 52 ’ 

sm z sm S = sin y sm h , 


or 


sm z sin S = sm ZN 
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Again 


or 

cos 2 = cos ZN cos ShT, 

therefore 

cos 2 = cos ZN cos (A - PF) 

and as 

tan. sin S- - 

cos (A-PN) ’ 

we have 

tan cos S = tan (A-PN), 


Eefraction in 7 i =_ /tan ZN 

sin A cos (A—PJST) ’ 

Eefraction in A = —tan (A—Pi^') 

Hence, on account of lefractiou, ti'c must apply u correction of 


/ ui/ll 

sm A cos (A —PN) 

to the oUei.od clock tm,c of t.anct of o star across the mres m the held of 
View, and a correction of 

+/' tan (A-PN) 

to the observed Nortli Polar Distance 

Let d" be the index error for North Polar Distances, so that the 

('orrected icadina: when the instrument is direct, and A' + d" ivhen the 


instrument is reverse, tlieii 




A-A' 


and It may be found from a star when near the meridian by taking readina-s 
in both positions of the instrument ^ ^ 

Let ij" be the elevation of the n.stiumcntal pole above the true pole of 
1C spheie , and let 0" be the horizontal flexure of the tube of the telescope 
in consequence of which the eye-end bends down so as to raise the wiies 
slightly in the direction of the zenith , then, if NPD be the apparent North 

ten T dne south of tlio Observatoij at a distance of about 

any mtp ? T n ^ f 1 intervening valley, 

fo 7 i ased for the determination of ef", as well as 

foi another important erior discussed afterwards 
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Polar Distanoe of a star when ,t pasaes the ,nend.an, we have 
^PD ^ A_cZ"+/' tan (A—>) r) t 

and then / and a" — 

« o^hoth stare are observed tn oppostte posttrons of the 

that the wiies aie raised tioin to o by- 
flexure, so that 

Sv = v" sin , 

then 

V sm ^ sin S 
sin A 

is the correction to he applied to the observed clock time of transit, and 

— v" Sin 2J cos S 

is the coiTection to be apphed to the observed North Polar Distance 
But , c 

Sin ZN = sin ?v fein fe , 

hence the first correction is 



Again, 


therefoie 


or 


or again 


V sm ZK 
sm A 

cos S = tan (A--P1^) cot f., 
sm z cos S = tan (A—Pl^) cos 
sm ^ cos S = tan (A^PIST) cos (A-PN) cos ZN", 

sm z cos S = sm (A—PN) cos Z!N, 

SO that the coirection to the observed North Polar Distance is 

— 'v" sm (A—PIST) cos ZN 

Let x" he the deviation of the instrumental pole to the east of the true 
pole of the sphere; then, if a star be observed six sidereal hours after the 
upper transit, we have 

ISTPD = A—d"+/' tan A—a."—«" sin A cos y, 


and 


NPD = A'+d"+f' tan A+V'—«" sm A cos y 
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if obsei'ved six hours before the upper transit, and thus x" may be found by 
observing a star whose apparent positions are given in the Nautical Almanac, 
when SIX hours from the meiidian 

It will be convenient to determine these four errors d’', v", x", and if' 
on the same evening, because d” involves what may be termed the collnnatiou 
of the single wire in North Polar Distance, and is hable to considerable change 
It IS now necessary to deteiinine the general effects of x" and y", and 
we shall consider each separately 
In this pi ejection of the sphere 
upon the plane of the Equator, let P "" 

be the true Pole, PM the meridian, 
and MQ an arc of the Equator Then, 
if p be the instrumental pole x" to 
the east of P, the plane of colhma- 

tion will be a great circle passing /y 

through p and cutting the Equatoi // 

in some point Q join PQ, and draw__ 

Vg perpendicular to PQ Then, as ^ '*' 

MQ measures the true hour angle MPQ, if a star were to transit the plane of 
colhmation at S, by drawing perpendicular to PQ ive sec that the time 
the star takes to traverse the arc of the small circle S?z must bo added to tlu' 
clock tune of transit on account of the deviation of tlic instrumental pole 

Now Sn = Vq cos A, and Vq = x’' cos A, hence 1,,, 

sin A 

added to the clock time of transit, and w 

pq, or sin h, must be subtracted from 
the observed Noith Polar Distance 

Similarly the effect of y" may be 

found ^ 

S« ~fq_ cos A, yA / 

and 

I>q, = y" sm li, / 

A 7 ~ TV 

qn +lTn+ y ^ ^ . 1 

^ to the observed clock tmie of transit, 

and Pj. or y" cos h, must be added to the observed North Polar Distance. 
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Let c be the enor of collmiation of the mean wire as in the case of the 
tramit instrument , then ^ must be added to the observed clock tune 

when the instrument is direct and subtiacted when leveise 

Let ^ be the index error of the hour ciicle— tins docs not change sign— 
and h-e, or h'-e, will be the true reading of the circle 

Let P be the error of inclination of the declination axis to the polar 
axis measured from the circle end of the former, so that 90° + /' is thc‘ 
anc^le between these axes, and, 111 consequence, the mstiumental pole will be 
displaced on the six-hour circle from the true pole, and on the opposite 
side to the circle end 

Thus, if AB be the polar axis of the instiu- 
ment, EBW the horizontal line passing through 
theeast and west points, CBDthe declination axis, 
and C the circle end, then the angle CBW = 1" 
measuied on the plane of the six-hour circle , 
and p, the mstrumental pole, will be situated at 
a distance i" from P 

How, if the declmation-axis be turned louiid 
the polar axis, p will describe a small circle 
lound P whose radius is P, the plane of collima- 
tion w'lll desciibe a great ciicle passing through 

p, and, as before, '' must be added to tin* 

^' sin A 

observed clock time of transit of any stai whose 
North Polar Distance is A 
This lb for the direct position of the mstrument, in the leveisc position 

C is on the opposite side of P, and then ^^ must be subtiacted iiom the 

clock tmie of tiansit Of course this error does not attect North Polai 
Distances 

The last error foi consideration is the flexure of the declination-axis, w, 
or lather of that half of it to which the telescope is attached This flexure 
vdl ali\ajs be directed from the zenith in a vertical plane, and it will vary 
m amount as the sine of the inchnation of the axis to the vertical 
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When tie instrument is direct, and the declination-axis level, the effect 
oiu IS to make the plane of collunation describe a great ciicle passing u" to 

the east of the zenith , so that in the meridian 

to the time of transit for the direct position and siibtetted for the reverse 
We now pioceed to find a general expression 
In this projection of the sphere upon 
the hoiizontal plane, let be the pro¬ 

jection of the arc of 90° between the 
dechnation-axis DB and the plane of 
colhmation, where DZN is of course per- 
pendiculai to the trace of that plane, PNw, ^ 
and, in consec[uence of the downward 
flexure of D, let the plane of colhmation 
bo raised to the dotted line 
Now 

N")™ = n" sin (inclination of DB to vcitieal) 

= n" cos m, 

and 

Sit == COS (A - PK)j 

= cos ZIT cos (A-Pj^T), 

= ll" COfc, , 

but W6 shall retain the former expression 
because ZN and PN have been already 
nsed for f and r 
Hence 

'« cos ZN cos (A-PF) 

Sin A 

must be added to or subtiacted from the clock time ot transit accordmo as 
the instriniicnt is dncct or roveisc 
Collecting our expiessious, 




JiA = App Eight Ascension 
NPD = App Eoith Polar Distance 

T = Clock time of transit across the mean wire 
E = Clock erroi 


I of a star 
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7i = Houi-circle loading 
A = IToitt Polai Distance leading 
y= Colatitude, 7^“ 3S' 9" 
sin ZN = sm y sm h , log sin y = 9 977’ 7 

tan PN = tan y cos A, log tan y = lo 47765 
6 = Collimation of mean wiie 
^// enoi foi IToitli Poltii Distincca 

e = Index eiioi of liour circle 


/ = Coefficient of rcti action 
^ TTirmr o£ inclination of dcclmation-avis 
u — Horizontal flexure of doclination-axis 
V = Hoiizontal flexuie of tolcscopo tnlic 
x — Deviation of polai axis eastwaids 
y — Elevation of polai axis 


Then, for the direct position ot the instiuinent, 

RA = T-E-(A-e)4-—(A-PN) 


4-?; sni ZN + (d cos // + ?/ sin //) Cos A) , 


OTD = A—tan (A— PljT) —-y" cos ZN sm (A~PN)—oj" sin // + //" cos h 

And foi the reveise position of the instrument the sifi,ns of r, /, //, iiud 
d" must all he changed 

It still leiiiams to find the eirors c, e, t, and ii by obsei vation 

Let the declinatioii-asis be hioiight into the hori/.oiital iiosilioii by 
means of the spiiit level, and let the corresponding leading ol tlio liour 
Glide be , then the plane of collimation will ueiuly coiiicidi' with the 
nieiidiaii. and the equation becomes 

RA = T —E —(Zi,,,—e) A-1 -!m os (A —y) -f.i' cos A) 


But as the plane of collimation passes through tli(> zenith, it the liausit 
of a zenith star be observed. 


RA = T-E-|- , 

hin y 

and 


sm y 




(fi cos y + v+x cob y) 
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equation gives us c, and e may be found by levelling the 
declination axis m the reverse position, when ^ 


so that 


® “ SllT^ (-1 cos y-^^+^ cos 7), 

I ^ 

^ — 2 + q3 cot 7 


In observing the liansrt of the star near the zemth, .t may be eon- 

tement to observe ithttle distance from the meridian , m thiLase the 
equation becomes 


or 




Sin 7 

according as the instrument is direct or reveise 

into 40 r„r“’“t 'T m bringing the dechnation axis 

in 0 the horizontal position, the following method of obtaining /,. and // 

Let 7 , be the reading of the hour circle when the telescope is directed 
o the north point on (he hoiizon. and when the centre of the bubble has 
been brought to the centre of the scale by means of the tangent screw which 
gives the mstriniient motion ,n R A , let /.. be the reading when the telescope 
s diieetcci to the south point on the horizon, then ' (J„+7,,) wih be the 
c,ading ot the hour circle for that position of the spirit level The sr.nit 
level must now be reversed, or tm-ned end for end, and the readings taken 
yam, icn tlic mean of these four readings wdl he the required reading of 
the lioLU circle when the decimation a^xis is level, or 


~ 4 + Ai,i} , 

mid, by reversing the whole instrument, we have in a similar manner, 
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Kowwe have one equation between * and namely 

? COS y + ^ {]^m y ’ 


and we lequiie another in order to determine both i and 

The tiansit of a star upon oi near the celestial Kqnator across the 
meridian would furnish such an equation , cos A ivoiild vanisli, and the ^ alue 
of M could be deduced , and then t found from the above 

But it will be more convenient to employ a distant maik on the south 
horizon , let \ be the reading of the hour circle when the inaik is cut by tlu' 
middle wire in the direct position of the instiumcnt , and let /d be the load¬ 
ing in the reverse position ; then, as A is 90°+ y, it may easily be shown that 


ivhence i, and then u from the above 

If these instrumental errors are caiefully detci mined and the collections 
properly applied, the Apparent Eight Ascension and North Polar Distance of 
a stai may be determined from observation with as much accui acy as the 
graduations of the two circles will permit—2'm E A and 10" m N P.D 

Let (a) be the sum of those corrections in Right Ascension which 
are functions of A, so that 

B,A=T-E-(7i-f>)-!-(/> (A), 


and let us now consider the differential effect of (a) on the diffi'reiiee in 
Right Ascension of two stars whose tiansits are obsciicd consecutively at 
any the same hour-angle, supposing the two stars to have nearly the same 
North Polar Distance The preceding star will be vetoiied to by tin* suffix 
(„), and the following star by the suffix so that (RA),,—(UA)„ and 
Tj-Ta are both positive quantities 

Remembering that A, ZN, and PN are tlie same foi both stais, we have 
by subtraction 


<#> (A)6—^ (A)<,= —/tan ZNf 
-I- 

-f u cos ZN 


Urn A,, cos (Aj -PN) hill A„ cos (A„—PN) 1 

(c-fusm ZN) ( ^ 

^ V&ni \ hin \J 


cos (Aj—PN) cos (A„—PN)} 
sin A,, sm A„ ) 


COS ti+y sin li) (cot A —cot A„) 
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Now if A. and A, are expressed m mumtes of arc, we must divide the 

(.1 eience As Aa y 343S in order to express that difference m circular 
measure , and then we easily obtain 


♦ (A). = |d he. ZN 

— sin Zl!^) cos A 

— 'll cos y 

— (i-i-a. cos Ih-^-y sm 7i)|-, 

where A may have any approximate value to A^ and Aj 

As an example of the great use of this formula, we shall apply it to the 
observations of Mars and adjacent compauson stais at the Opposition in 

The N P D of the planeti.s between ioi° and 103“, so that the values of 
cos A are between -o 19 and -o 22 , if therefoie c be always kept as small 
as possible by constant adjustment, the term c cos A within the large bracket 
may safely be neglected Again v is always small, and sm ZN less than 
unity, so that the term u sin ZN cos A may also be neglected The term 
a? cos h is always positive, and provided that a- is small, the effect of this 
term will finally disappear, as only the difference between the morning and 
evening differences oi Right Ascension aic required Lastly, y must be so fai 
reduced by instrumental coirection that the term y sin h mav be neglected 
If therefore we put 


we have 


: tan ZN 


1 > - 


■ 3438 sin^ A 


VX cos y)} , 


and mean values of /, and n may be employed if the climate and stability 
of the instrument will allow this further simplification 


RotalAstron Soc Yol XLIV. 
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Sectfon n 


On the Eeduction of the Observatmis. 


Let ir" be tbe Sun’s equatorial liorizontal parallax at the mean distance 
of the Earth from the Sun, let p be the distance of Mars from the Earth at 
any given time, expressed in terms ol the mean distance of the Itaith from 
the Sun , let r be the Earth’s radius at the place of observation, m terms of 

the equatorial radius Then y will be the planet’s horizontal parallax ; 

and if Z be the planet’s geocentric zenith distance, we have 

tt'V sin Vi 

Parallax m Geocentric zomlli distance = — — - , 


and, as in the case oiv" (see page 58) it may easily be shown that 
geocentric colatitude, 

7t"i Slu r sm_7i 
15 p sin A 


if r be the 


IS the correction to be applied to the clock time of transit of the planet in 
order to obtam the Eight Ascension refened to the centre of the Earth 
Let 


where 


0 smjl'' sm Ik 
15 p sm A 


log 


1 sm r 

""15 


= 8 80127, 


then the correction may be written ir" P, and we can now proceed to the 
1 eductions 

Let (RA)„ be the Apparent Eight Ascension of the comparison star, let 
(EA)i be the Apparent Eight Ascension of the preceding limb of Mars, and 
let a similar notation be applied to all other variable quantities; then, for the 
first run, 

(RA)„ =T„ ,-E„ ,_(7,,-e) + (/, (A)„ 

(RA), =T, -B, _(7,,-e)+fHA).+V'P,, 
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and for the second run, and the following limb of Mars, 

= Ta II —B„ II—(^H—e) + y (A)„ JJ, 

(RA)ii=Tii -Eli -(/i.ii-e)+^ (A)ii+,r"Pn 

Let 

Ai =Ti-T,„ 

■^11 — Li L in 

SO that Aj and An are either positive or negative according as the star 
piecedes or follows the planet Then, at the sidereal time S,, or Tt~E we 
naye 

(RAji = (RAX+Ai-^&+,r"P+9!. (A)i-0 (A)„ 

where Ei is the clock rate in one sidereal day at the time S„ and where 
Ai is expressed in seconds of time. 

Similarly, at the sidereal time Sn, or Th—E u, we have 

(RA)ii= (RA)„+Aii-^^+.^T + ^ (A)ii-^ (A). ,. 

Let 

S = i(Si+Sii), 

(RA)=f{(RA)i+(RA)ii}, 

A = i(Ai+Aii), 

P = ^(Pi+Pi.), 

0 (^) = 2 + j 

(f> (A)^ = ~ {0 (A)^ 1 4 -^ (A)„ ji}, 

then, at the epoch S, 

AR 

(RA) = (EAX+A—g^^+ 7 r'T 4 -f» (A)-0 (A)^, 
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and of course (RA) is the Apparent Right Ascension of the centre of the 
figure of Mars 

Row each pair of runs gives a similar equation, and for each evening 
and mormng the psiirs must be combined together for comparison 
Let Si, S3, Ss. S„ be the epochs of the evening pairs, and let 

Se = - (S]+S 2 + S 3 + S„), 

so that S« IS the evening epoch 
Let 

Ty = Se —Sj , 

^2 Sg —S 2 j 

Tz = Se —S 3 , 


Then if (RA). he the Apparent Right Ascension of Mars, m, its motion in 
R A in 24 sidereal hours, and its daily variation in R A , all for the epoch 

S., we have 

(RA)e= (RA)i+riTO 5 + -^ 

CRAL= (RA)3+r2m,+^‘‘^^S 
(RA). = (RA),+r3OTe4--^ 


(RA). = (RA)„+r„7nc+ 


r/ dm^ 
2 dt 


Taking the arithmetical mean of these values of (RA),, we have 


(RA). = -{(RA)i + (RA)2+(RA)3+ 


(RA),,} 


+ 


2 n dt 


(V + ’'2° + ’' 3 ° + 




as the sum of the terms T1+T2+T3+ 


vanishes 



Let 
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—^ (■^l+-^2+J^3+ A„), 

Re = - (R, +R2+H>3H- R;j), 

= (A),+^(A)2+ <I>(A)„}, 

<!> (^L ^ = 1{'P (A)a 1+<P (AX 2+ ^ (A)„ 4 , 

= ,7 (’"I ® + ’■ 2 “ + ^3® + ’•„“) , 

and then for the evening group, at the epoch S^, 


(RA)„4-Ae —g~-^ + 5r"Pe + ^) (A),-<l> (A)„ 


Similaily lor the morning group , but now allowance must be made for 
the motion of the comparison star m R A due to the recession of the First 
Point of Aries 

Let 4 be the Greenwich mean time corresponding to the evening epoch 
S„ and let t^ be the Greenwich mean time corresponding to the morning epoch 
S„, then 4 and X may be found fiom the column Sidereal time at Greenwich 
mean noon ” in the Nautical Almanac, taking the longitude to be ii”“ lo'’ 
to the west of Greenwich ; and let 4 and be expressed in terms of a mean 
solar day 

Then, as (RA),, is the Appaient Eight Ascension of the star at the 
evening epoch, 

(RA)„+(i<,-f,) 


will be the Apparent Pught Ascension of the star at the morning epoch, 
where —the daily variation, may be computed from the formulae 111 
the Nautical Almanac, p 296 

But as it will prove exceedingly troublesome to compute for 

every night, we must introduce the principle of tabulation by referring 
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this correction to the planet Thus if w be the motion of May's lu R A clue 
to the recession of the equinoctial point, and if (RA)„ be the Apparent Right 
Ascension of Mars at the morning epoch, 

A.) ““ (i(ii ““ 

will be the Apparent Right Ascension of J/w.s at the same epoch, but 
referred to the Equinox of the preceding evening epoch The following are 
the daily variations of R A of Mars due to the recession ol the equinoctial 
point, for mtervals of 15 days during the Opjiositiou 111 1877 — 


At GiooiiMrich 


Mom Midiijghl 

m 

August 7 

+ 0 022 

August 22 

+ 0 016 

September 6 

4-0 008 

Sep tomb Cl 21 

0 000 


and the correction for any other intermediate date may be found by simple 
proportion 

Thus for the morning group, at the epoch S„, we have 

A "Ri T ^ fl'))'} 

(RA)„ = (A)„-^> (A)„ + (/„-/,) 


fZR) 

Let be the change in the clock latc m 24 hours for the epoch 
intermediate between and S„, then 

and by subtraction 

(RA)„-(EA), = (P„-Pd+ (A)a>-</> (A)„ 4 

T r/W; 

— h/' (A),-<ji> (A)„ 4 M »L, 

where A and ^ may have their mean values for the night 
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If the observations are made regularly, the term I will 

vanish ; indeed, whether they are made regularly or not, if the observations 
are completed within an hour or so each evening and morning, the teim will 
be quite insensible, and may therefore be neglected 
"P (Ifnx 

Let m, —, be the apparent daily motion of s m R A , and its 

variations, at the preceding Greenwich mean noon, and let m ~ bp 

^ dt’ df 

taken from the Nautical Almanac by employing differences in the followino 
manner. ® 


Arranging the terms thus- 

(RA)_2 

(RA)_, 

(RA)o 

(RA),, 

(RA)+2 


Fust diff 

D,' 

D/ 

D3' 

D4' 


Second diif 


DP 




L3" 


it may easily be shown that, for the epoch represented by the suffix (<,), 

d CRA)„ I , 

“ = “ rZi - = li {7 (nP+D30-(DP+D/)}, 
[i4DP'-(D,"+D3")}, 

2=t(D,"-DP0 


dm _ d? (RA)„ 

dt cW 

(RA), 
“ dt^ 

dm cPm 


12 

1 


Ihe values of m, —^ thus found include fourth differences ^ but as 

'm may be somewhat in error, we shall suppose that the true motion is 

where Sm is to be found fx’om meridian observations at the large 
Observatories. 

Thus we have 


(RA)^»-(RA)e — —^ + g 
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and substituting and arranging, avc liave for tlie final equation of the Solar 
Parallax as deduced fioin the observed star, or say from the first star. 


dm 




3 \ 




86400 


+ {^ (A),-<p (A)„ ,}-[(!> (A)„'-^i (A)„ <o}+(4-4) 


dt 

(«) 


Now suppose that two stars were observed in the same run with the 
planet; the groups would then consist of observations made m the following 
order.— 



^ Fust stai 

(aj 

Past mil 

Second star 

(b) 


l Mar:> I 

(0 

1 

' Fust star 

(‘* 11 ) 

Second run - 

Second sbai 

(&n) 


, Man II 

(11) 


The planet should leally be inteimediate 111 both R A and N JM) if 
possible , but the above ordei is referred to for the sake of symmetry 111 the 
equations 

Let B and b apply to the second star exactly as A and a .tpplies I0 the 
first ; then the final equation for the Solar Parallax as deduced from the 
second star will be 


dm 




(Ihu B (/w—4) (IK 
dt^ 8 ' 64 oo dt 


+ {<!> (A)e—(A)j,} — {(j> iA)^—<j> (A)j 4 +(i„— 4 ) ’em (ft) 


Now let 

0 = ^(A+B) 

(RA), = ^ {(RA)„+(IIA),} 
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.so that the measures and functions are all lefeiied to the point midway 
between the two stciis ^ then, from and (|3) 


cLt 


' cW ' 86408" 
+ {,^ (A)._® (AX e] - {<!> (A)„-^ (A), 4 +(i„_X) om 


(y) 


Now the advantage gamed by the latter method is this, that as the true 
difference of R A between the two stars does not change durmg the night, 

we can obtain another equation, and then eliminate from (y) either — or 
the functions of A, as circumstances may require 
Thus, referring to the primary equations. 


and if 
we have 


(RA)„ — Ij, —(/i—e)^.^ (A)„, 
(RA)j = T,, —Ej—(7i,—e) + ^ 

T4-T„ = D, (=A-B), 


(RA)^ CRA),, _ (A)^-^ (A)„ 

Subtracting the morning results from the evening results, and arranging, 
D (.L-U) f 

D„-D, _ - + {<i> (A),, (A)„ <1 - [f (A)j (AX 4 


it ^ can be depended on, the whole correction for a difference Aj—in 

North Polar Distance is known, and then the correction for a diffeience 
A—A, may be found by proportion 

But if the refraction is uniform, and the instrument stable, while the 
clock IS untrustworthy, the corrections may be computed, and ^ eliminated 
from 7). 

Lastly, as we have introduced a correction for m, the evening observations 
of one day may be combined if necessary with the morning observations made 
one or two days before or afterwards, provided that the same star or 
comparison-point wei e employed on both occasions, or provided that special 
measures were taken to connect them 

Royal Astroi^ Soc Yol XLIV. l 
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Section 111. 


Clod Error^ Rate, etc 

Barometer and Then no meter 

Errors of Adjustment of the EquatoreaJ.. 

Transits observed ivtth the Equatoi'eal {reduced to the mean vure). 

Notes—T lie stais aio niimboied accoiding to tlic list given in ilio MonfhJif 
November 1875 They are incladod with Ma^s 111 brackets, thus } j, and in ouUm 
accoidmg to then sequence 111 Cl A 

The runs aie numbered for each night aci‘ording to their scqucnco, the odd ninnlxns 
always refei to the first limb of the oven immbois to the second limb 

The only additional stai employed is 6 - mag 7^, R/.A, 23^^ 8^^^ 56”, N P I) 102*^ i 
SeeNaUm, Decembei 14, 1876 

The runs aie divided into groups by horizontal lines. 
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UeaihngsofmBmouetn Ctmfdmecl) nvd of Hie TUnimnelei (nposod) F 



] vcnliiff 

Mon 


Day 

Biiomctu 

Thciinonictci 

Biuoiii 'tt 1 

Tlieimometti 



- — 

-- 

„ - 


in 

0 

in 

0 

August 6 

28 33 

752 

28 28 

74 5 

7 

32 

73 5 

30 

730 

8 

34 

740 



9 

30 

740 

25 

730 

10 

30 

730 

25 

730 

II 

30 

730 

23 

730 

12 

30 

750 

25 

740 

14 

35 

750 

29 

730 

15 

34 

760 

30 

750 

16 

33 

740 

25 

740 

18 

30 

73 5 

2S 

730 

! 

21 

30 

750 

28 

740 

22 

30 

750 

30 

710 

24 

28 

75 0 



25 

20 

71.0 



28 

28 

750 



29 

25 

71.0 

=4 

740 

31 

30 

740 

28 

730 

Septcniljei i 

30 

74 5 

28 

72 0 

2 

31 

740 

30 

73 5 

3 

33 

750 



4 

30 

74 5 

29 

74 5 

5 

30 

750 

27 

73 5 

6 

25 

740 

24 

730 

7 

24 

740 

21 

72 0 

8 

24 

730 



9 

25 

725 

23 

72 0 

10 

24 

72 0 

20 

71 0 

13 

23 

75 5 

20 

74 0 

14 

25 

750 



17 

28 20 

72 0 

28 19 

740 

Mean 

28 29 

712 

28 26 

73 3 




„ _ _ _ 

_ 


^lean Evening \<ihie of / => 3 487 
Mean Morning vihio of / =- 3 490 
Mean value adopted = 3 49 
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Uno'i s 0/ Adjustment of tJie Eqmfmeal 



v" 



July 29 

// 

26 

tr 

+ 26 

tt 

+1 

August 5 


+ 8 


August 5 


+ 15 


August 16 


+ 20 

-4 

August 17 

19 

+ 8 

0 

August 17 

36 


-7 

Octobei 8 

16 

+ 22 

“4 

Htdn V dues 

1 

24 

+ 17 

“■3 



6 

1 

ii 


h 

s 

s 

August i6 

+ 28 

-69 

32 

August 17 

~o8 

— 109 

50 

August 24 

+ 10 

- 8s 

38 

August 26 

-M 4 

- 81 

37 

Soptombei 2 

+ 22 

^ 75 

49 

Noptembei 3 

+ 40 

- 5 7 

30 

iSeptembei 6 ' 

+ 44 

“ 52 

23 

Soptembei 7 

-5 2 

-105 

49 

September 16 

+ 30 

- 66 

36 

Mean v<diies 

+ 14 

- 78 

3 S 


Me<in value of (? + n 

s 

cos 7) = —6 6 
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AuGCSi' 6 


( 508 I 
I Mars ) 


Tiansits ohseived luitli the Tlqiiatoi eal 


Lvfea 

A\esi 

rilin'^ 

Clock Times 

Intel \als 

Kuiis 

Clock Times 

Intciv ih 

No 

li 

m 

s 

s 

No 

h 111 

s 

s 

I 

19 

5S 

26 88 


13 

I 44 

1636 






II8 02 




II6 42 


20 

0 

24 90 



46 

12 78 


2 


2 

4654 


14 

47 

5338 






II9 64 




II7 72 



4 

46 18 



49 

51 10 


3 


8 

22 64 


IS 

52 

4912 






11788 




116 oS 



10 

20 52 



54 

4520 


4 


12 

3312 


16 

57 

5776 






1193S 




117 4C 



14 

3250 



59 

5522 


5 


17 

9 18 


17 

2 I 

4940 






II8 02 




116 23 



19 

7 20 



3 

4563 


6 


21 

392 


18 

S 

24 64 






II93O 




11741 



23 

322 



7 

2205 


7 

20 

26 

59 S2 


19 

2 10 

5 36 






II7 96 




116 38 



28 

5778 



12 

174 


1 8 


31 

10 iS 


20 

13 

3492 


1 




II9 46 




11748 

i 


33 

964 



15 

3240 


1 9 


35 

32 33 


21 

16 

5853 


1 




II7 7S 




116 31 



37 

30 08 



18 

5484 


10 


39 

464 


22 

21 

43 92 






11936 




117 20 



41 

400 



23 

41 12 


II 


59 

1632 


23 

25 

56 60 






11778 




116 06 


21 

I 

14 10 



27 

5266 


12 


2 

5508 


24 

29 

40 00 




4 

5406 

11898 


31 

37 33 

11733 
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August 7 


Ticcnbits ohseivpfl with the JEjijuittoiectl 


( loik 

J lines 

ll 

18 45 

in s 

iS 10 

47 

652 

48 

1463 

53 

5250 

55 

42 72 

5 Ci 

4922 

19 1 

4 18 

2 

5292 

d 

I 04 

6 

SG34 

8 

<lG 14 

9 

S 3 Id 

19 13 

3 ( 1 32 

15 

2476 

16 

3304 

20 

1 40 

21 

5158 

22 

58 oG 

26 

SG 14 

28 

44 72 

29 

5292 

^2 

5730 

H 

4746 

35 

54 oG 


ruins Clock Tiincb 

No h m s 

9 I 48 54 34 

50 40 00 

51 5082 

10 54 40 26 

56 27 20 

57 3668 

11 2 I 3 ib 

2 48 16 

3 5918 

12 6 838 

7 5518 
9 4 86 

13 2 xo 5932 

12 44 82 

13 55 94 

14 IS 5604 

17 4294 

18 5252 

15 20 ^3 14 

22 28 28 

23 39 

16 2$ 2290 

27 9 S 4 

28 19 20 


(105 00) 


(176 02) 


In the iilh nin, the instxument apparently moved between the transits of 514 and Marsl, the internal 
to lio employed in computing the moan is 176 43 — 71 02, 01 105 41. 
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August io 


514 

619 . 


Transits obseived loith the JEquatoieal 


East 

Wi SI 

Eunb 

Clock Times 

Intervals 

Eims 

Clock Times 

Intel vals 

No 

li m s 

s s s 

No 

li m s 

s s s 

I 

19 44 3634 


9 

I 34 24 73 




84 88 



80 00 


46 I 22 



35 44 73 




193 36 



197 79 


49 1458 

278 24 


39 252 

27779 

2 

51 5203 


10 

41 57 02 




86 22 



81 70 


53 18 25 



43 18 72 




19183 



19644 


56 30 08 

278 05 


46 3516 

278 14 

3 

59 2508 


II 

49 2 66 




84 90 



79 50 


20 0 49 98 



SO 22 16 




193 14 



198 68 


4 3 12 

27804 


53 4084 

27S 18 

4 

6 4830 


12 

55 128 




86 30 



81 40 


8 14 60 



56 22 68 




191 68 



196 72 


II 2628 

27798 


59 3940 

278 12 

5 

20 14 26 34 


13 

2 3 56 44 




84 74 



79 50 


IS 5108 



5 1594 




193 52 



198 32 


19 460 

278 26 


8 3426 

277 82 

6 

22 40 56 


14 

10 4372 




8616 



80 86 


24 6 72 



12 458 




191 86 



197 02 


27 1858 

278 02 


IS 21 60 

27788 

7 

30 54 90 


15 

19 J710 




84 22 



79 66 


32 1912 



20 36 76 




193 80 



198 46 


35 3292 

27802 


23 55 22 

278 12 

8 

39 152 


16 

26 20 22 




85 60 



80 90 


40 27 12 



27 41 12 




192 38 



197 13 


43 39 50 

277 98 


30 SB 25 

2780s 





fi‘uiii the Opposition of Marf., 1877 , 


August ii 





Eiins 

1 Clock Times 

No 

j h m s 

I 

19 SI 

51 54 


S 3 

234 


S 4 

3 10 

2 

S 6 

1638 


S 7 

28 90 


S8 

28 oS 

3 

20 I 

3140 


2 

42 08 


3 

4308 

4 

6 

1364 


7 

2584 


8 

25 08 

5 

20 13 

24 26 


14 

3490 


IS 

35 90 

6 

18 

1225 


19 

24 22 


20 

24 02 

7 

31 

43 32 


32 

53 46 


33 

55 00 

8 

37 

II 72 


3S 

23 23 


39 

23 00 


514) 

Mats I 

565 ) 

Transits obset ved with the Ugiiatoteal 


Easi 


Wi-si 


Intel vals 

Buns 

Clock Time** 


Interval 


s 

s 

S 

No 

li m s 

s 

s 

i 

! 

70 80 



9 

I 52 

57 S6 

64 86 




60 76 

13156 


54 

2 72 


66 70 





55 

942 


13156 

7252 



10 

57 

38 60 

66 46 




59 iS 



58 

4506 

6^ 20 





131 70 


59 

50 26 


131 66 

70 68 



II 

2 2 

034 

6472 




61 00 

131 68 


3 

5 06 

67 02 





4 

12 oS 


131 74 




12 

6 

28 16 




72 20 

5924 



7 

3440 

66 24 

6j46 




13 1 44 


8 

39 86 


13170 

7064 



13 

2 10 

41 12 

6470 




6i 00 

13164 


II 

45 82 


6706 





12 

52 88 


131 76 

7197 



H 

14 

SI 86 

66 22 




5980 



15 

58 oS 


6540 




13177 


17 

3 48 


13162 




15 

19 

26 12 




7014 

6154 



20 

30 74 

64 62 

6726 

i 

1 



131 68 


21 

3800 



X31 SS ' 

(71 SI) 



16 

23 

52 74 

66 00 


i 





24 

5874 





59 77 

(131 28) 


26 

432 


<>558 

131 58 


to be employed i& 13/64-59 77, or 7/87. 










84 


Ml M vxwiXL Hall, J)et<rmitmtion of the Solar Paialhw 



Ihansits ohse'ivecl with the JEqitato'ieal 




Wfm 


Kuiis 

Clock Times 

Intervals 

linns 

(dock Times 

Tntt 1 vuls 

No 

I 

h in s 

19 40 59 74 

42 1730 

s 

7756 

No 

17 

li m b 

1 58 418 

59 2918 

s 

85 00 

2 

43 42 42 

44 58 38 

75 96 

18 

2 0 59 18 

2 22 78 

83 60 

3 

46 26 04 

47 43 94 

7790 

19 

3 5094 

5 1598 

Ss 04 

4 

48 5325 

5 ° 9 5 ° 

76 25 

20 

7 488 

8 28 22 

83 34 

5 

52 32 84 

53 5062 

7778 

21 

10 3458 

11 5984 

iSc; 26 

6 

55 814 

56 24 28 

76 14 

22 

13 2594 

14 4936 

8342 

7 

57 5260 

59 10 66 

78 06 

23 

16 1506 

17 40 22 

8s iG 

8 

20 0 32 04 

. I 4832 

76 28 

24 

19 21 20 

20 4504 

8584 

i 

9 

20 4 3170 

5 4978 

7808 

25 

2 22 44 04 

24 9 16 

85 12 

10 

7 1200 

8 2S 12 

(76 12) 

26 

25 25 10 

26 48 96 

8380 

ri 

9 5588 

II 14 04 

78 16 

27 

27 25 88 

28 51 18 

1 

1 8s 30 

1 

12 

12 3208 

13 4^ So 

76 72 

28 

30 10 12 

31 3408 

I 8 5 (jG 

1 

13 

16 4 72 

17 2302 

7830 

29 

35 300 

36 2854 

85 54 

14 

18 4S iG 

20 2 02 

7686 

30 

37 4328 

39 742 

84 ‘4 

15 

21 40 92 

22 59 30 

7838 

31 

40 57 20 

42 22 88 

85 68 

16 

1 

1 

24 4556 

26 248 

76 92 

32 

) 

43 5713 

4.^ 21 26 

84 13 


Ilie iiistiiinient appmcnlly moved in tlie lotli uin, the inteival to be employed is the mean oi the 8th and utb, oi 76**so 





85 


from the Opposition of Mars, idi-jy 


Auui s r T4 



Ttmsds ob^eivetl with the JEcfiuito)eal 



Easi 


Runs 

j Clock Times 

Intel \ alb 




^o 

li m s 

s 

I 

20 47 s 84 

49 S3S 

122 51 

2 

51 25 12 

S3 2614 

I2I 02 

3 

SS II 10 

57 13 «3 

122 73 

4 

58 4808 

21 0 4926 

I2I 18 

5 

3 S i6 

5 II 10 

122 94 

6 

0 46 74 

I2I 38 


8 48 12 


7 

21 15 1092 

17 1408 

J23 16 

8 

19 43 94 

21 45 78 

121 84 

0 

24 50 16 

26 53 55 

12339 

10 

29 0 28 

31 230 

122 02 

1 





Wesp 


Runs 

Clock Times 

lutervals 

No 

ni 1, 


II 

I 37 5200 

40 140 

12940 

12 

41 4116 

43 48 S6 

127 70 

13 

46 3702 

4S 46 54 

129 52 

14 

SO 2616 

52 34 10 

12794 

IS 

54 55 oS 

57 496 

129 88 

16 

58 24 78 

2 0 32 80 

128 02 

17 

8 14 72 

10 24 73 

130 01 

18 

48 08 

13 5638 

128 30 

19 

2 16 2720 

18 3722 

130 02 

20 

20 23 04 

22 3150 

128 46 

21 

27 II 92 

29 2214 

130 22 

22 

31 412 

33 12 84 

128 72 

23 

36 898 

38 1935 

13037 

24 

39 56 92 

42 598 

129 06 

25 

44 406 

46 14 86 

130 So 

26 I 

47 39 

129 10 

1 

49 48 26 




86 


Mr. Maxwell Hall, Determimition of the Solar Paralla.v 


AuGosr 15 


Eniib 


ITo 

I 


\Mun 

^ 565* 

Ticmsih ohen ed wiih the lUtiuaioical 


E \si 


t lock '1 lines 


li in s 
19 2 1684 

4 1564 
6 4202 
9 5^24 
II 5646 
14 21 64 
25 610 

27 432 

29 31 18 
33 45 74 
35 4538 
38 10 90 


19 42 940 

44 758 

46 3486 

49 4766 

51 4714 

54 1304 
59 336 

20 I o 80 
3 28 76 
6 4818 
8 4724 

II 1350 


lutei\als 


118 80 


120 22 


118 ; 


119 64 


146 3 S 


145 iS 


146 $6 


145 52 


265 iS 


265 40 


265 08 


265 16 


118 iS 


119 48 


117 44 


119 06 


147 28 


145 90 


147 96 


146 26 


265 46 


265 38 


26540 


265 , 


Bulls 


No 

9 


14 


15 


16 


Wisi 


Clo< Iv Innts 


h m 

s 

3 

066 

4 

48 95 

7 

25 90 

U 

5244 

15 

42 i 8 

iS 

17 80 

22 

49 04 

24 

36 96 

27 

14 i 6 

31 

1832 

33 

788 

35 

4358 

- 39 

26 10 

41 

1346 

43 

5 > 34 

46 

340 

47 

52 30 

SO 

28 70 

52 

46 92 

54 

34 14 

57 

12 10 

1 2 

27 14 

5 

3 94 


Inti 1 vaN 


108 29 


109 74 


107 92 


109 56 


107 ?6 


108 90 


107 22 


* 56 95 


1 55 0.! 


15720 


>55 7 ° 


)( 578 K 


I s 6 40 


157 9 ^’ 


156 80 


265 2} 


265 56 


12 


265 2{) 




265 30 


j()5 iS 


In the 16 thuui the star 463 was not visible on .neount of daylight, the lutorial to bo employcil is 

265 24—156 80 , or 108 44 




8 / 


August i6 


from the Opposition of Mars^ 1877 

(Mars\ 

565 
619 J 

Ty aunts obseived loitli the JEqnato} eal 





EiSJ 





■W I si 

Huns 

Cloik [ 

lines 

Intel \als 

Euns 

Clock Times 

InteivaK 

Ko 

h m 

s 

s 

s 

s 

No 

li ni s 

S t, 8 

I 

19 6 

19 08 

14 88 

17580 



7 

I 38 52 10 

186 14 


9 


146 18 



41 5$ 24 


II 

41 06 


321 98 


44 24 56 

14632 

33246 

2 

14 

36 00 

174 08 



8 

46 38 32 



17 

30 08 

146 19 



49 4290 

184 58 


19 

5627 


32027 


52 932 

146 42 

331 00 

3 

24 

5436 

175 98 



9 

54 54 94 

i86 76 


27 

5034 


146 38 



58 I 70 



16 72 




146 10 


30 



322 36 


2 0 27 80 

332 86 

4 

33 

34 22 

174 60 



10 

A 3614 



36 

28 82 

146 24 



7 41 55 

18541 


3S 

5506 


320 84 


10 7 90 

1463s 

331 76 

5 

46 

48 

I 06 

17646 



II 

2 12 1814 

iS6 94 


5752 





15 25 08 


SI 

24 12 


146 60 



146 52 




32306 


17 5160 

33346 

6 

55 

2730 




12 

20 8 52 



58 

22 27 

17497 

I4049 



23 1398 

185 46 


20 0 

48 76 


32146 


25 40 so 

146 52 

331 98 







13 

41 2090 

44 28 30 

18740 








46 54 88 

I4O58 








333 98 







14 

49 II 5S 

186 50 








$2 18 08 









146 12 








54 4420 

332 62 


riom the clock of the evening oljseiuitions of August 15 and 16 it has hccn neccssaiy to suhtraet one 
hoiii In each case the final equation foi paiallax requucd this collection, and in eicli case the necessity of tho 

occiirX '''' which must 





Mr Maxwell Hall, Deteriiimafion of the Solar Parallax 


Attgust i8 (jlfa,,) 

Tiansit^ obse'iVfd with flu* J^quaforeal 



E\sr 

|l 


AYhhT 


Eun'? 

Clock Times 

Intel vals 

Emis 

Clock Times 

Intcn }il8 

No 

I 

h m s 

20 24 5 48 

28 42 10 

s 

276 62 

No 

9 

h m s 

I 29 S3 22 

34 20 82 

s 

267 60 

2 

31 1008 

35 4856 

27848 

10 

36 47 00 

41 1590 

268 90 

3 

37 52 22 

42 28 38 

276 i6 

II 

45 9 82 

49 3642 

2()() 60 

4 

44 4798 

49 26 04 

278 06 

12 

54 624 

58 3444 

268 20 

5 

51 5240 

56 2814 

27574 

*3 

2 I 43 3 ^ 

6 9 96 

266 62 

1 

58 4210 

21 3 1942 

27732 

14 

8 5526 

13 23 06 

267 80 

i ' 

6 5798 

ti 3326 

275 28 

IS 

16 51 88 

21 1768 

265 80 

8 

13 1864 

17 5546 

27682 

16 

24 48 14 

29 1564 

267 50 




17 

2 31 56 14 

36 21 38 

265 24 




iS 

38 46 06 

43 12 94 

266 88 




19 

46 912 

50 34 06 

264 94 




20 

S3 802 

57 3432 

266 30 

/ 




21 

3 0 4104 

S 5 72 

264 68 




22 

7 12 70 

II 3866 

265 96 





fe,| 

I 



Aucujsr ?j 


from the Opposition of Mars, 187 

f 377 

Mars 

(463 . 

Transits observed mth the HquaUneal 


89 


E 

Runs 

r lock 

1 lines 

No 

h 

ni b 

I 

iS 

48 

5704 



51 

36 96 



53 

12 72 

2 


56 

092 



58 

42 18 


19 

0 

16 40 

3 


3 

48 78 



6 

28 22 



8 

450 

4 


II 

30 88 



14 

u 98 



iS 

46 76 

5 


18 

3484 



21 

1402 



22 

50 40 

6 


26 

32 88 



29 

1324 



30 

4870 

7 

Jt 9 

33 

2110 



35 

59 70 



37 

36 92 

8 


40 

1524 



42 

5524 



44 

3098 

9 


48 

908 



50 

4692 



52 

2458 

10 


55 

3240 



58 

1208 



59 

48 28 


Intervals 


s s 

159 92 


161 26 


15944 


i6i 10 


IS9 iS 


95 76 


94 22 


96 28 


9478 


96 38 


95 52 


158 60 


16000 


15784 


15968 


97 22 


95 74 


97 66 


9620 


25568 


25548 


255 72 


255 88 


255 56 


25588 


25582 


25574 


25s SO 


255 88 


'West 


Huns 


No 

II 


13 


14 


15 


16 


17 


18 


19 


22 


! Clock Times 

R m s 

I 53 

5308 

56 

1790 

S8 

894 

2 5 

4230 

8 

836 

9 

58 02 

12 

4922 

15 

13 66 

17 

508 

18 

37 14 

21 

286 

22 

52 96 

26 

29 32 

28 

5298 

30 

45 14 

34 

2 90 

36 

27 96 

38 

1866 

2 41 

42 18 

44 

5 10 

45 

5800 

48 

5000 

51 

1462 

53 

546 

56 

1564 

58 

38 12 

3 0 

3118 

3 

772 

5 

3192 

7 

2360 

10 

1748 

12 

39 54 

14 

3308 

16 

37 36 

19 

I to 

20 

S 3 16 


Intervals 


14482 


146 06 


14444 


145 72 


143 66 


145 06 


III 04 


109 66 


III 42 


112 16 


no 70 


255 S6 


255 72 


255 86 


25582 


25s 82 


255 76 


142 92 


14462 


142 48 


144 20 


11290 


11084 


1x3 06 


III 68 


142 06 


14374 


113 54 


112 06 


255 S2 


25546 


255 54 


256 88 


25560 


255 80 
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Mr Maxwell Hall, 


Determination of the Solar Parallax 


August 22 


( 377 ) 

. Movrs - 

4 S 3 ^ 


Tmmits olsmwA mth tlie eal 




from the Opposition of Mars, i877- 


91 


August 24 


286 

Mms 

453 


Tyrmsik obse) imd io%th the ISgfiiato^ ectl 




Easc 



Runs 

Clock Times 

Intervals 

No 

h m 

s 

b 

b 

s 

I 

0 

CO 

Os 

47 08 

5780 

310 72 




35 


201 56 


1936 


39 


512 28 

2 

52 

090 

12 26 

311 3*5 




57 


200 82 




20 0 

3308 



512 18 

3 

9 

14 10 

23 16 

309 06 




14 


203 12 




17 

46 28 



51218 

4 

20 

26 

57 36 

31042 




00 



5 

35 

45 44 

308 00 




40 

53 44 

1763 


204 19 



44 



51219 

6 

52 

2 98 

309 08 




57 

12 06 

35 r 8 


203 12 



21 0 



512 20 


In tlio 4th run clouds obscured tJie transit of 453 , the lequued internal is 512*^21 —3io''42, ox 20/ 


79 



Ml \xwELL Hall, 


August 25 


Determination of the Sofar ParaHae 


309 

K(W6 

453 


ohsmvedvnth the Eqmiton'^l 


Lasj 


Clock Times 


No 

h 

m 

s 

I 

18 

45 

0 10 



48 

320 



52 

1470 

2 


55 

9 28 



58 

1338 


19 

2 

2405 

3 


5 

10 50 



8 

1302 



12 

25 10 

4 


15 

1942 



iS 

23 66 



22 

34 22 

5 

19 

25 

31 70 



28 

33 34 



32 

46 40 

6 


35 

2306 



38 

26 10 



42 

37 94 

7 


45 

9 50 



48 

1040 



52 

24 10 

8 


55 

33 74 



58 

36 oc 


Intervals 


18310 


2^,1 5 ° 


184 to 


25067 


43460 


43477 


182 52 


25208 


1S4 24 


250 56 


43460 


43480 


181 64 


25306 


43470 


18304 


251 84 


I So 90 


25370 


43488 


43460 


I<S2 26 



Auausr 28 


from the Opposition of 2 Iars, 1877. 

286 \ 

Mars 

365 i 

Tum6if6 olseived with the Eqiiatoieal 


II mis 

Clock Tin’Gs 

No 

h 1 

in s 

I 

18 

25 

10 52 



26 

46 74 



29 

15 12 

2 


32 

404 



33 

4146 



36 

844 

3 


39 

21 98 



40 

5708 



43 

26 58 

4 


45 

606 



45 

43 06 



49 

1044 

5 

18 

59 

2 12 


19 

0 

36 80 




0 S 4 

6 


5 

7 08 



6 

4325 



9 

II 66 

7 


IS 

17 T4 



16 

SO 94 



19 

21 38 

8 


21 

22 22 



22 

5760 



2S 

26 52 

9 

X 9 

30 

31 76 



32 

486 



34 

36 12 

10 


36 

53 44 



38 

28 06 



40 

58 00 

n 


46 

21 38 



47 

53 82 



SO 

25 76 

C2 


52 

7 60 



53 

41 46 



56 

12 oS 


Easi 

Intel vals 

s 

S 

s 

96 22 

148 38 

244 60 

9742 

146 98 

24440 

95 10 

'49 3° 

24440 

97 00 

14738 

24438 

94 68 

149 74 

24442 

96 18 

14840 

24458 

9380 

15044 

244 24 

9S 38 

148 92 

24430 

93 10 

151 26 

244 36 

94 62 

149 94 

244 56 

9244 

15194 

24438 

93 86 

150 62 

24448 


94 


Mr Maxwell Hall, Determmation of the Solar Paralku 


253 \ 
Ma)s 

365 ’ 


Tiansdb obbe}ued with the JEJqiiato'iecd 


r \,sa 1 


Wi 

ST 

Buna 

Clock Times 

Intervals i 

Buns 

Clock 

Intel vals 

Ko 

li m fe 

s s fc> 

No 

li m s 

S b 

I 

19 8 SS so 


9 

I 55 47 84 




II2 48 



93 34 


10 47 9S 

209 10 


57 21 18 

228 28 


14 17 oS 

32158 


2 I 9 46 

321 62 

2 

17 3478 

II3 80 

10 

3 3200 

94 86 


19 28 58 

207 58 


5 <3 86 

226 88 


22 56 i6 

32138 


8 53 74 

32174 


26 44 10 


II 

13 56 86 




III 64 



9264 


28 3574 

209 74 


IS 29 so 

228 74 


32 548 

32138 


19 i8 24 

321 38 

4 

34 2726 


12 

21 5482 




II3 20 



93 92 


36 20 46 



23 28 74 




208 46 



227 48 


39 4892 

321 66 


27 16 22 

321 40 

5 

19 45 5906 


13 

2 32 9 02 




110 86 



91*90 


47 4992 



33 4092 




21068 



229 58 


51 20 60 

321 54 


37 3050 

321 48 

6 

55 3924 


H 

41 27 82 




112 32 



93 14 


57 3156 

209 30 


43 096 

228 30 


20 I 0 86 

32162 


46 49 26 

321 44 

7 

4 1170 


IS 

51 8 64 




109 96 



90 88 


6 166 



52 39 52 




21140 



23048 


9 3306 

32136 


8 

VO 

10 

321 36 

8 

12 3638 


16 

3 II 42 58 




III 62 



91 58 


14 2800 



13 14 16 




21014 



229 98 


17 5814 

321 76 


17 4 14 

321 S6 



from the Opposition of Mars 1Z77 


95 



{ 286 


1 > dfisits ohsei ved with the Mqitatoi eal 


Runs 

No 

1 

2 

3 

A 

I 

Clock Times 

h lu b 

19 29 1506 

31 4024 

33 708 

3 (> 33 90 

39 0 54 

40 25 70 

43 5358 

4<' 17 88 

47 43 50 

51 1826 

S 3 44 34 

53 >028 

AfaX 



Wibi 

Intel vals 

Huns 

Clock Times 

Intervals 

s 

145 18 

8684 

232 02 

146 64 

8516 

231 80 

144 30 

87 62 

231 92 

146 08 

8s 94 

23202 

No 

9 

10 

11 

12 

li m s 

2 58 3235 

3 0 35 70 

2 2430 

5 012 

7 498 

8 52 20 

II 3152 

13 3418 

IS 2372 

17 12 56 

19 16 82 

21 466 

s s s 

123 35 

108 60 

23195 

124 86 

107 22 

232 oS 

122 66 

109 54 

232 20 

124 26 

107 84 

232 10 

5 

CO 

00 

Oc 


13 

3 24 1200 




143 94 



122 02 


20 I 1206 



26 14 02 




88 14 



no 12 


2 40 20 

23208 


28 414 

232 14 

6 

5 2 28 


14 

34 1604 




H 5 54 



12332 


7 27 82 



36 19 36 




86 52 



108 77 


8 54 34 

23206 


38 813 

232 09 

7 

II 804 


15 

41 1196 




143 10 



121 16 


13 31 14 



43 13 12 




89 02 



no 78 


IS 016 

232 12 


45 390 

23194 

K 

17 2230 


16 

47 4056 




144 68 



122 62 


19 4698 



49 4318 




87 20 



109 08 


21 14 18 

231 88 


51 3226 

231 70 


I 







fvom the Opposition of Mars, 1877 





Mr Maxwell Hall, Determination of the Solar Paralla,i 


September 


Transits obs&i red with the TJqfiatoreal 


‘rms Clock Times 

No Tti m s 

1 19 I 21 92 

2 45 oS 

4 29 80 

2 7 36 06 

9 o 70 

10 43 92 


22 34 22 
24 19 98 
26 5190 

28 1574 

29 5985 


33 5100 

35 12 22 

36 5872 

42 58 06 
44 2102 
46 598 

3 S 74 
49 5642 
SI 4326 
S 3 4180 

55 422 

56 49 SO 


^^OTE - 

■witii those 


—'weie afterwards taken between the stfitrs 224^11^ mordei to connect these ohservationfS 
of September 2, morning See last page 



from the Opposition of Mars, 1877 


99 


September 4 


57 

• Mars 

193 • 


Transits observed with the Ug^natoreal 




Mr Maxwell Hall, Determination of the Solar Parallax 




S-EPTBMBER $ 



Tiansdb ohid) veil with the Mquaiot eal 


East 


Clock Times 


h lu s 

19 3 4004 

6 4094 
9 3420 
II 20 06 
14 22 86 

17 1452 

19 3294 
22 3306 
25 27 22 
27 18 SO 
30 20 22 
33 1290 


Intervals 


180 90 


182 80 


180 12 


181 72 


173 26 


171 06 


17416 


172 68 



West 


Euwb 

Clock Times 


s 

No 

li 

m 

s 

K 


5 

3 

34 

1494 

15516 




36 

50 10 


35416 



40 

9 10 



6 


42 

20 18 

156 66 




44 

56 84 

35446 



48 

1428 



7 


50 

10 82 

>5438 




52 

45 20 


35428 




498 



8 


57 

51 12 

>55 76 



4 

0 

2688 


35440 



3 

4526 



Intel vals 

H 

199 00 

197*44 

>99 7 « 

1983^ 
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lOT 


Sbpiemumi 6 [ilia?5 


Tmnsits ohssrved w%tfi the Equatojeal 



E 

\ST 

West 

Huns 

Clock Times 

Intervals 

Euns 

Clock Times 

Intervals 

No 

h m gi 

s 

s 

s 

No 

h m 





I 

19 4 

IS 70 




II 

2 S2 

5830 





6 

II 60 

ns 90 




54 

30 50 

92 20 




7 

3813 


86 S 3 

20243 


56 

21 02 


110 52 

202 72 

2 

to 

16 70 




12 

58 

286 





12 

1424 

n 7 S 4 




59 

3638 

93 52 







8500 






10880 



^3 

3924 



202 54 


3 I 

25 18 



202 32 

3 

16 

22 58 




13 

3 

41 20 







115 14 






91 66 




18 

1772 





5 

12 86 








87 22 






110 92 



19 

44 94 



202 36 


7 

378 



202 58 

4 

21 

16 52 




H 

9 

52 10 







116 98 






9300 




23 

1350 





II 

25 10 








85 60 






10932 



24 

39 10 



202 58 


13 

1442 



202 32 

5 

26 

S 7 30 




15 

16 

12 88 







11486 






91 00 




28 

52 16 





17 

4388 








8782 






III 30 



30 

1998 



202 68 


19 

3518 



202 30 

6 

31 

51 10 




16 

21 

4782 







116 58 






92 21 




33 

47 68 





23 

20 03 








86 26 






110 22 



35 

1394 



202 84 


25 

10 25 



20243 

7 

19 37 

28 04 












114 18 









39 

22 22 













88 16 








40 

so 38 



202 34 






8 

44 

41 32 












115 82 









46 

37 14 













86 66 








48 

3 80 



202 48 






9 

SO 

5 44 












1135^ 









51 

S900 













88 92 








S3 

27 92 



202 48 






lo 

55 

1684 












11524 









57 

12 08 













8728 








58 

39 



202 ^2 
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SEmmuFK 8 


f ^4 
Mau 

^ G 


Tyansits ohseo i ed io%th the JBquatoreal 


lams 


Nt) 

I 


Easi 


( 1 ()< k Timof? 

1 

Intervals 

li m s 

S S 8 

1$ 48 5300 



I2I 26 

50 54 26 



21596 

54 30 22 

33722 

58 25 92 



122 64 

19 0 2856 



21450 

4 306 

337 14 

6 5840 



120 54 

8 5894 



21690 

12 3584 

337 44 

14 2420 



121 86 

16 26 06 



21548 

20 154 

337 34 

19 23 33 22 



itg 58 

25 32 80 



21758 

29 10 38 

337 16 

31 5254 



I 2 I 18 

33 5372 



21608 

37 29 80 

33726 

44 4462 



11838 

46 4300 



21882 

SO 21 82 

33720 

S3 2254 



119 84 

55 22 38 



21730 

58 59 68 

337 14 






Mr. Maxwell Hall, Determination of the Solar Parallax 


September 9 


Transits observed with the JEguatoreal 


Clock Times Intervals Runs Clock Times 


19 23 I 00 


26 41 04 

27 58 92 

29 26 18 

30 45 90 

32 5830 
34 1638 
36 4118 

38 134 

39 2402 

40 42 28 


B 


42 1726 

43 3772 

45 848 

46 27 24 . 

48 2324 

49 4410 

51 120 

52 20 16 

54 n 18 

55 3224 

56 5714 

58 1634 


13 2 46 IS 12 

47 5698 

14 49 35 00 

51 1494 

15 52 5952 

54 41 68 

16 56 9 40 

57 4982 

17 30 1894 


3 4226 
5 23 10 


3 7 1212 


Intervals Buns Clock Times 


29 56 06 


8 34 78 
10 5332 
12 34 60 
15 1908 

17 23s 

18 29 30 

20 II 06 

21 56 00 

23 3940 

2$ 854 

26 50 28 


31 4016 

33 1142 

34 5340 

38 4318 

40 2752 

41 5704 

43 3976 
48 3980 
50 24 08 


SI 5042 

S 3 39 50 


31 55 1050 

S6 5568 

32 58 20 so 

4 o 384 
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Sr I'It Mill It 10 •! liars [ 

' 57 ’ 


Transits ob^ewed vnth the JSquatoieal 




EAsr 

West j 

Huna 

Clock TiTuca 

Intervals 

Runs 

Clock Times 

Intervals 

No 

h m a 

8 B 8 

No 

h m s 

s s S 

t 

19 II 3206 


9 

3 17 496 




132 12 



10818 


13 4418 



18 S3 14 




14294 



167 10 


16 7 12 

275 06 


21 4024 

275 28 

2 

18 19 2$ 


10 

23 16 30 




133 92 



no 10 


20 33 20 



25 640 




I4I 60 



165 so 


22 54 80 

27 s 52 


27 5190 

275 60 

3 

25 24 22 


II 

30 5516 




I3I 70 



10780 


27 35 92 



32 42 96 




14368 



167 62 


29 59 60 

27538 


35 3058 

27542 

4 

31 2984 


12 

37 46 06 




13318 



109 38 


33 4302 



39 3544 




14206 



16608 


36 5 08 

' 275 24 


42 21 52 

27546 

5 

19 3 ^ 15 06 


13 

3 44 58 48 




13094 



107 30 


40 2600 



46 4578 




14420 



168 47 


42 50 20 

27514 


49 3425 

275 77 

6 

44 3300 


14 

52 23 98 




132 60 



108 78 


46 45 60 



54 1276 




14266 



16686 


49 S 26 

275 26 


56 59 62 

27564 

7 

53 3842 


15 

59 1596 




13042 



106 60 


55 4884 



4 1 256 




14496 



168 78 


58 13 80 

275 38 


3 5134 

275 3 S 

8 

20 2 15 14 


16 

5 4312 




13172 



108 14 


4 26 86 



7 3126 




14352 



167 14 


6 50 38 

275 24 


10 iS 40 

275 28 


Royal Asteon. Soc. Tol. XLIV p 
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September 17 


Transits observed with the Bguatoreal 


luns, 

Clock Times 

Intervals 

Buns 

Clock Times 

Intel vals 

No 

h 

m 

s 

s 

S 

s 

No 

h m 

8 


S 

I 

18 

53 

54 

4080 

55 ^0 

74 30 

106 64 

180 94 

9 

2 33 

33 

294 

5806 

5512 

125 94 



56 

41 74 



36 

400 


2 


5S 

23 76 

75 98 



10 

3S 

12 02 

5668 




59 

39 74 

10486 

18084 


39 

8 70 


124 42 


19 

1 

24 60 



41 

13 12 



3 


3 

47 98 

7408 



11 

45 

28 06 

5448 




5 

206 

106 90 

180 98 


46 

22 54 


126 46 



6 

48 96 



48 

29 00 


4 


8 

5096 

,75 42 



12 

50 

42 14 

55 96 




10 

6 38 




51 

38 10 


125 08 



II 

5192 


105 54 

180 96 


53 

43 18 



14 1750 

15 31 22 
17 1S64 

19 316 

20 18 44 


57 36 22 

58 3042 
o 37 44 

2 19 04 

3 1476 


5 20 12 


25 2154 

27 938 

28 44 84 

29 59 62 
31 45 96 

1808S 

7478 

to6 34 

18112 

1 

16 

10 12 30 

12 1968 

14 9 72 

15 4 74 
17 1072 






19 27 80 

20 21 05 
22 28 76 

24 48 48 

25 4326 
27 49 68 

30 28 90 

31 21 80 
33 3000 
35 1852 
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SEtTEMBKIi 4 



Tuiiiitfs oh'served with the Equatoreal m order to connect the Evening Ohseivatwns of 
September 3 with the Morning Observations of September 2 



Basi 



Ilnuh 

(Jlo< k Times 

Intervals 


No 

}) m 8 

s 


r 

I9 36 42^0 





>97 78 



40 044 



2 

41 46 24 





19778 



45 402 



3 

46 49 00 





19792 



SO 692 



4 

52 4532 





19776 



56 3 08 



5 

57 3404 





X 97 86 


— 

20 0 51 90 





no 


Mr Maxwell Hall, Determination of the Solar Parallax 


Section IV. 


Determination of the Solar Parallax. 


CoNSTANrs for the Observatory near Montego Bay, Jamaica — 


0 t t 


Geographical Colatitnde 


7 T 35 92 

Angle of the Vertical 

- 

6 590 

Geocentric Colatitude 


71 42 82 

Log r (corrected for elevation) 


9 9998914 

Longitude, West of Gieenwich 


li m s 

5 11 10 

Tor Refraction — 

Mean Evening value of / 


34S7 

Mean Morning value of / 


3490 

Mean value of / adopted 


3 49 

For I^S^RXJMENTAJ^RROR — 

Mean value of (^ + -w cos y) 

{ 

West 
+ 66 East 


The Change op Clock Rate was always small and liigMy u^regular, ifc must tlioreforo be 
neglected, except when determined from the observations themselves 







from the Opposition of Mars^ iZyy. 

General Table, showing the woiTc done 


Da> 

Btarfe compared with 
Mars, M, 
m Older o£ R A 

Number of 
Tiaiisits 

Remarks 

E 

W 

A up: 6 

SoS. M 

24 

24 

Evening very windy 

7 

S' 4 . M. 586 

24 

24 


8 

S08, M, 619 

24 

0 


9 

Si 4 > M, 619 

24 

24 

Evening very windy 

TO 

514. M, 619 

24 

24 


II 

S14, M, 565 

24 

24 


12 

M, 565 

32 

32 


H 

M, 565 

20 

32 

Evening hazy 

15 

463, M, 56s 

24 

24 

463 too faint 

i6 

565, 619 

18 

24 

Evening and morning hazy 

i8 

377 . M 

16 

28 


21 

377 , M, 463 

30 

36 


22 

377 . M, 4 S 3 

24 

30 

453 veiy faint 

24 

286, M, 4S3 

18 

0 

Evening hazy 

25 

309, M, 453 

24 

0 


28 

286, M, 36s 

36 

0 


29 

233. M. 36s 

24 

24 

253 too faint 

31 

193, M, 286 

24 

24 

Evening windy 

>Sept I 

193, M, 286 

24 

12 

Morning hazy 

2 

138, M, 286 

24 

24 


3 

143, M, 224 

24 

0 

Evening bad 

4 

57. M, 193 

24 

24 

57 IS a close double, the preceding star is obser'sed 

S 

57 . M, 193 

12 

12 


6 

57 . M, c 

30 

18 


7 

14. M, c 

24 

12 


8 

14, M, c 

24 

0 


9 

M, 57 

24 

40 


10 

1261, M, 57 

24 

24 

Morning definition bad 

*3 

1204, M, i26t 

24 

12 


14 

1184, M, 1261 

24 

0 


17 

1129, K, 1204 

24 

36 



II2 


Mr Maxwell Hall, Determination of the Solar Parallax 


Oombinahons for Parallm , and the Omrvpa') ison Pointb 


Combinations 

Comparison points 



East 

West 1 

Stars 


Approx N r I) 

No 

Day 

Euns 

Day 

Buns 

Employed 


f 

1 

Atig 6 

12 

Aug 6 

12 

508 

h m s 

23 26 35 

0 / 

99 SI 

2 

7 

8 

7 

8 

514. $86 

28 12 

99 45 

3 

8 

8 

6 

12 

508 

26 35 

99 SI 

4 

8 

8 

9 

8 

619 

31 22 

TOO 40 

5 

9 

8 

9 

8 

514, 619 

29 3 

lOO 22 

6 

10 

8 

10 

8 

514, 619 

29 3 

100 22 

7 

II 

8 

II 

8 

514. 565 

27 49 

100 13 

8 

12 

16 

12 

16 

565 

28 55 

100 22 

9 

14 

10 

14 

i6 

565 

28 55 

100 22 

10 

IS 

8 

15 

8 

463, 56s 

26 43 

100 36 

II 

16 

6 

16 

8 

565. 619 

30 9 

100 31 

12 

18 

8 

18 

14 

377 

20 14 

100 43 

13 

21 

10 

21 

12 

377 . 463 

22 22 

100 47 

14 

22 

8 

22 

10 

377 . 453 

22 4 

100 56 

15 

24 

6 

22 

10 

453 

23 S 3 

loi 8 

16 

25 

8 

22 

10 

453 

23 S 3 

loi 8 

17 

28 

12 

29 

8 

365 

19 24 

loi 50 

' i8 

29 

8 

29 

8 

253. 365 

16 44 

101 40 

19 

31 

8 

31 * 

8 

193. 386 

13 23 

loi 44 

20 

Sept I 

8 

Sept I 

4 

193. 286 

13 23 

101 44 

21 

2 

8 

2 

S i 

138, 286 

12 15 

lOT 55 

22 

3 

8 

2 

8 

138 

9 10 

102 18 

23 

4 

8 

4 

8 

57 . 193 

8 29 

102 16 

24 

5 

4 

5 

4 

57 . 193 

8 29 

102 16 

25 

6 

10 

6 

6 

57 . 0 

7 14 

102 25 

26 

7 

8 

7 

4 

J 4 , G 

6 7 

102 30 

27 

8 

8 

7 

4 

14, 0 

6 7 

102 30 

28 

9 

12 

9 

20 

57 

5 32 

102 36 

29 

10 

8 

10 

8 

1261, 57 

23 3 14 

102 32 

30 

13 

8 

13 

4 

1204^ 1261 

22 59 29 

102 39 

31 

14 

8 

13 

4 

1261 

23 0 56 

102 28 

32 

17 

8 

17 

12 

1129, 1204 

22 56 31 

102 47 


No 22 special measures were taken betiiween 138 and 224, and the true interval was found to be 197 815 
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Thu Ohseiicd Intervals "between, the Oom-^anison Powits and the Oeiibe of Mars, A, or -J- (A+B), 
and the con es^ondmg Oloch Times, all reduced to then Evening and Mommg Means 


No 

Easi 

WEsr 

Clock Times 

Intel vals 

Clock Times 

Intel vals 


li 

m 

s 

8 

h 

m 

s 

s 

1 

20 

28 

15 

+ n8 628 

2 

9 

18 

+ 116 840 

2 

19 

11 

55 

+ 20 952 

2 

9 

45 

+ 17882 

3 

19 

26 

S 3 

+ 112933 

2 

9 

18 

+ 116 840 

4 

19 

26 

S 3 

-173 24s 

2 

0 

49 

-185 830 

5 

19 

25 

33 

— 42 167 

2 

0 

49 

- 46799 

6 

20 

12 

39 

- 53659 

2 

X 

26 

- 58565 

7 

20 

13 

14 

+ 5 533 

2 

9 

35 

- 0 366 

8 

20 

2 

36 

- 77241 

2 

20 

49 

- 84524 

9 

21 

7 

7 

— 122 217 

2 

13 

18 

— 129 220 

10 

19 

38 

6 

- 13769 

2 

35 

33 

- 24193 

II 

19 

30 

9 

— 248 488 

2 

II 

0 

-259 332 

12 

20 

S 3 

13 

+ 276 810 

2 

24 

10 

+ 266 644 

13 

19 

24 

S6 

+ 31 881 

2 

39 

46 

+ 16276 

H 

20 

7 

56 

+ 4 I 2 I 

2 

48 

17 

- II 095 

15 

20 

18 

38 

-202 433 

2 

48 

17 

— 120 522 

16 

19 

23 

20 

-251999 

2 

48 

^7 

— 120522 

17 

19 

10 

37 

-149 442 

2 

30 

30 

-228 715 

18 

19 

42 

38 

- 48 783 

2 

30 

30 

— 67 966 

19 

19 

S6 

35 

+ 28939 

3 

24 

30 

+ 7 019 

20 

19 

S8 

12 

- 33618 

2 

25 

16 

- 52993 

21 

19 

36 

44 

— 27 760 

2 

44 

51 

- 49136 

22 

19 

30 

54 

-los 174 

2 

44 

51 

+135 220 

23 

t8 

SO 

SO 

+ 70551 

3 

22 

34 

+ 44826 

24 

19 

18 

29 

+ 4 223 

3 

48 

45 

— 21580 

25 

19 

31 

47 

+ 14318 

3 

8 

38 

- 8958 

26 

19 

33 

15 

+ 16364 

3 

55 

3 

- 9036 

27 

19 

22 

i8 

- 47 959 

3 

55 

3 

- 9036 

28 

19 

40 

31 

- 79398 

3 

21 

18 

-102 S32 

29 

19 

37 

S 3 

- 5 564 

3 

43 

14 

- 29 455 

30 

19 

16 

40 

+ 34758 

4 

5 

32 

+ 9 988 

31 

20 

H 

23 

-114 953 

4 

5 

32 

- 77325 

32 

19 

12 

37 

- 15924 

3 

5 

59 

- 35863 


No 22 the eTening Intel yal refers to star 224, the morning interval to star 138 
Royal Astbon. Soc Vol XLIV 
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Corrections to le afj^hed to the Intervals for a Difference of One Minute inNPD 
(f) (A + i ^)—Corrections to le wpfflied to the Cloch Times 


Ko 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


East 

WBsr 

Clock slow 

4 .(A+iO“<^»(A) 

Clock slow 

«^>(A+iO-<l> (A) 

s 

s 

s 

S 

+ 26 

—00010 

+ 27 

+ 0 0012 

29 

+00013 

29 

+ 0 0011 

31 

+ 00005 

27 

+ 0 0012 

31 

+ 00005 

32 

+ 0 0012 

32 

+ 00006 

32 

+ 0 0012 

33 

-00007 

33 

+ 0 0012 

35 

—00008 

36 

+ 00011 

36 

-00005 

37 

+ 0 0010 

37 

— 0 0014 

38 

+ OOOII 

38 

+ 00001 

39 

+ 00009 

38 

+ 0 0002 

38 

+ OOOII 

38 

-0 0012 

38 

+ 00008 

41 

+ 00005 

42 

+ 00006 

42 

—00007 

42 

+ 00004 

44 

—00009 

42 

+ 00004 

44 

h 00006 

42 

+ 00004 

44 

1-00014 

44 

+ 00006 

44 

-0 0002 

44 

+ 00006 

44 

—00006 

45 

— 00015 

46 

—00007 

46 

+ 00007 

48 

—0 0002 

48 

+ 00001 

48 

00000 

48 

+ 00001 

48 

+ 0 0020 

48 

— 00018 

49 

+ 0 0002 

49 

— 00046 

49 

—0 0002 

49 

— 00008 

SO 

— 00001- 

51 

— 00067 

SO 

+ 00001 

51 

— 00067 

SI 

— 00004 

52 

— 00025 

S2 

^00003 

S 3 

— 00056 

S 3 

+ 00001 

54 

—00156 

57 

-0 0010 

54 

—0 0156 

+ 7 

+ 0 0002 

+ 8 

— 00017 
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The Oonected Intervals between the Oom/parison Pomfs and the Centre of Mars, and the 
corresponding Oreenivich Mean Times 


iNO 

Ea&i 

West 

GMT 

Intervah 

GMT 

Intervals 



h 

m 

s 

» 

b 

m 

s 

8 

I 

16 

36 

36 

+118 622 

22 

16 

45 

+ 116 S48 

2 

15 

16 

37 

+ 20972 

22 

13 

18 

+ 17899 

3 

15 

27 

38 

+ H2939 

22 

16 

45 

+ II6 848 

4 

15 

27 

38 

-173 264 

21 

56 

35 

-185 870 

5 

15 

22 

24 

~ 42177 

21 

56 

35 

— 46817 

6 

16 

5 

27 

- 53650 

21 

53 

16 

- 58579 

7 

16 

2 

8 

+ 5 533 

21 

57 

32 

- 0365 

8 

15 

47 

35 

- 77238 

22 

4 

48 

- 84529 

9 

16 

44 

6 

-122 221 

21 

49 

28 

— 129216 

10 

15 

II 

24 

- 13770 

22 

7 

44 

— 24 198 

II 

14 

59 

33 

— 248 488 

21 

39 

19 

-259 329 

12 

16 

14 

31 

+ 276 810 

21 

44 

35 

+ 266 645 

13 

14 

34 

44 

+ 31 886 

21 

48 

24 

+ 16283 

14 

IS 

13 

43 

+ 4117 

21 

52 

58 

— 11 092 

IS 

15 

16 

33 

— 202 438 

21 

52 

58 

-120524 

16 

14 

17 

28 

-251993 

21 

52 

58 

— 120524 

17 

13 

52 

59 

—149 466 

21 

7 

45 

— 228 722 

18 

14 

21 

0 

- 48783 

21 

7 

45 

— 67 966 

19 

14 

27 

3 

+ 28 936 

21 

S 3 

45 

-f 7010 

20 

14 

24 

45 

- 33625 

20 

SO 

46 

- 52985 

21 

13 

59 

26 

— 27 761 

21 

6 

23 

- 49135 

22 

13 

49 

42 

4 92641 

21 

6 

23 

+ 135 218 

23 

13 

5 

48 

+ 70533 

21 

36 

8 

+ 44839 

24 

13 

29 

28 

4 4 222 

21 

58 

21 

— 21 566 

25 

13 

38 

48 

4 14320 

21 

14 

24 

- 8 952 

26 

13 

36 

21 

4 16365 

21 

56 

48 

— 8 976 

27 

13 

21 

29 

- 47960 

21 

56 

48 

- 8976 

28 

13 

35 

45 

- 79 394 

21 

15 

18 

— 102 512 

29 

13 

29 

12 

- 5564 

21 

33 

15 

- 29455 

30 

12 

56 

16 

+ 34758 

21 

43 

42 

+ 9972 

31 

13 

49 

58 

—114 966 

21 

43 

42 

- 77 512 

32 

12 

35 

44 

-15924 

20 

27 

49 

- 35861 
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Top Annarent Mohon of Mars %n Eight Ascension, m, cmd other functions, talcen from the 

“ Nautical Almanac ” 

At GitLENWicit Mb^n Noon 




I dm 

1 d^m 



Day 

m 

2 dt 

6 dt ^ 

m 

ni — Tn 

—_____ _ -- - - 

s 

8 

8 

s 

s 

August 6 

+ 2336 

-I 60s 

— 0 001 

+ 0 022 

+ 2314 

7 

— 0876 

I 605 

+ 0001 

0 022 

— 0898 

9 

7278 

I 596 

0003 

0 021 

7299 

10 

10456 

I 580 

0006 

0 021 

10477 

II 

13595 

I 559 

0 005 

0 020 

13C15 

12 

16 705 

I 551 

0 005 

0 020 

16 725 

14 

22 818 

1499 

0 008 

0 019 

22 837 

15 

25 799 

I 481 

0009 

0 019 

25 818 

i6 

28 727 

>445 

0012 

0 018 

28 74S 

i8 

34 362 

I 369 

0012 

0 018 

34 380 

21 

42 256 

I 250 1 

0016 

0 016 

42 272 

22 

44707 

I 200 

0018 

0 016 

44 723 

23 

47 053 

I 185 

0018 

0015 

47 068 

24 

49 293 

1095 

0018 

0015 

49308 

29 

58 676 

0771 

0026 

0012 

S8 688 

31 

61 418 

0600 

0028 

OOII 

61 429 

September i 

62538 

0521 

0 028 

OOII 

62 549 

2 

63 491 

0430 

0031 

0010 

63 SOI 

4 

64 833 

0241 

0033 

0009 

64842 

5 

65 210 

0135 

0035 

0009 

6s 219 

6 

65373 

— 0029 

0033 

0008 

65 381 

7 

65 342 

+ 0059 

0032 

0007 

65 349 

9 

64 703 

0 260 

0033 

0006 

64709 

lO 

64 087 

035s 

0032 

0006 

64093 

13 

61118 

0619 

0028 

0004 

61122 

17 

-54863 

40931 

+ 0023 

+ 0 002 

-5486s 
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Emmng and Afoi 


niiirj InUnali Ictueen the Oompaiison Stan, correoteJ fm Refiachm and 
Instrumental Error 


ISO 


Kast 



WliST 


D« — D. 

corrected 



Collation 

Dc corrected 

D(i> 

Correction 

Dw corrected 

2 

H 

17G 731 

s 

-0 047 

s 

176 684 

<3 

176434 

s 

— 0040 

s 

176394 

s 

— 0290 

5 

277 939 

+ 0022 

277 961 

278 061 

+ 0 044 

278 105 

+ 0 X44 

6 

278 074 

— 0 026 

278 048 

278 010 

+ 0044 

278 054 

+ 0006 

7 

131 C39 

— 0 014 

I31 625 

131 688 

+ 0019 

131 707 

+ 0082 

10 

265 298 

— 0 003 

26s 29s 

265 243 

—0025 

265 218 

— 0077 

XI 

146 347 

H 0004 

146351 

146 366 

+ 0 020 

146 386 

+ 0035 

13 

2SS 714 

4-0 004 

255718 

255 745 

+ 0004 

255 749 

+ 0031 

H 

218 819 

— 0018 

218 801 

218854 

+ 0010 

2x8 864 

+ 0063 

x8 

321 S3S 

^0004 

321 531 

321498 

+ 0013 

32X 5x1 

— 0 020 

19 

231 988 

+ 0014 

232 002 

232 025 

+ 0036 

232061 

+ 0059 

20 

232009 

+ 0017 

232 026 

232 205 

— 0017 

232 x88 

+ 0 X62 

21 

368 640 

+ 0009 

368 649 

368711 

— 0005 

368 706 

+ 0057 

23 

354483 

— 0080 

354403 

354303 

+ 0072 

354375 

— 0028 

24 

354 325 

—0 008 

354317 

354 HO 

+ 0 184 

354324 

+ 0007 

25 

202 525 

+ 0 004 

202 529 

202 445 

+ 0018 

202 463 

— 0066 

26 

337 130 

40003 

337 133 

336 898 

+ 0208 

337 106 

— 0027 

27 

337 238 

—0 003 

337235 

336 898 

+ 0 208 

337 106 

— 0 129 

29 

275 278 

— 0 002 

275 276 

27s 479 

“0 045 

275 434 

+ 0 158 

30 

174879 

— 0 002 

174877 

174625 

+ 0343 

174 968 

+ 0091 

32 

180 99J 

+ 0 001 

180 992 

181 052 

-~OOIO 

x8x 042 

A 0050 





Ii8 Mr Deter^iiinaiwn of the Sola) Parallud' 

The Bvemncj and Mo'^mmj TJ^oolis^ and Goeficieids of Bulm Tandlai^T, the obsfoved 
dis'placenient of Mais in Bj A (^co'irected) hetueen the Tj'poelis, and the adopted tabula't 
motion of Mars m B A between the same BJpochs 



Ea&l 

Observed 
displacement 
of Mw s 

Tabu! 11 

Wesi 


m 

Ipoch (a M T ) 

P 

of Ma/s 

Epoch (Cl M V ) 

P 


d 

_ 

s 

s 

d 

4 

I 

August 6 69208 

0 1071 

+ 1774 

— 0 068 

August 6 92830 

0 0982 

2 

7 63654 

01373 

+ 3041 

— 0 984 

7 92590 

00993 

3 

8 64419 

0 1336 

- 3909 

+ 5 S67 

6 92830 

0 0982 

4 

8 64419 

0 1336 

4- 12606 

- 10399 

9 91429 

0 0962 

5 

9 64056 

0 1349 

+ 4617 

— 2 676 

9 91429 

0 0962 

6 

1067045 

0 1174 

+ 4928 

- 3 132 

10 91199 

00973 

7 

II 66815 

0 1179 

+ 5901 

- 3 968 

11 91495 

0 1026 

8 

12 65804 

0 1234 

+ 7 291 

_ 5 020 

12 92000 

0 1092 

9 

1469729 

00916 

+ 6995 

- 5351 

14 90935 

0 1069 

10 

15 63292 

0 1351 

+ 10433 

— 8126 

15 92204 

0 1191 

II 

16 62469 

0 1382 

+ 10 780 

- 8587 

16 90230 

0 1074 

12 

18 6767s 

0 1008 

+ 10 165 

- 8372 

18 90596 

0 1158 

13 

'21 60745 

01431 

+ 15 606 

-13293 

21 90861 

0 1264 

14 

22 63453 

0 1251 

+ 15208 

— 12 906 

22 91178 

OI3I3 

15 

24 63649 

0 1201 

~ 81 914 

4 84264 

22 91178 

01313 

i6 

25 59546 

OI44S 

-131 469 

4 133 720 

22 91178 

01313 


28 57846 

0 1489 

+ 79 256 

- 76847 

29 88038 

0 1285 

i8 

29 59792 

0 1364 

+ 19 187 

- 16887 

29 88038 

01285 

19 

31 60212 

0 1295 

+ 21 931 

- 19323 

31 91233 

01524 

20 

Sept I 60052 

0 1283 

+ 19329 

— 16961 

Sept I 86859 

0 1283 

21 

2 58294 

01378 

4 21 368 

- 18999 

2 87943 

01375 

22 

3 57618 

0 1400 

- 42577 

0 

00 

00 

+ 

2 87943 

01375 

23 

454570 

0 1546 

4- 25 689 

- 23083 

490009 

01532 

24 

5 56213 

01444 

4- 25 788 

- 23097 

591552 

0 1615 

25 

6 56861 

01379 

4 23271 

— 20682 

6 88500 

0 1492 

26 

756691 

01363 

4 25341 

— 22 662 

791444 

0 1630 

27 

8 55659 

0 1404 

~ 38973 

4 41774 

791444 

0 1630 

28 

9 56649 

01318 

4 23 n8 

- 20513 

9 88562 

0 1530 

29 

10 56194 

0 1320 

4- 23881 

- 21353 

10 89809 

01595 

30 

13 53907 

0 1387 

4 2479S 

- 22059 

1390535 

01633 

31 

1457637 

0 1096 

- 37 454 

+ 39894 

1390535 

0 1633 

32 

17 52481 

01365 

4 19930 

- 17555 

1785265 

0 1456 
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JjJquations for the Betei'ihinahon of the Solar FaoaUav 

(See next page) 


No 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

H 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


1 qimtions of Condition 

“Weight 


Erroi of tt" 

0 2053 tt" = I 706 + 0 236 

30 

n 

831 

V 

-049 

0 2366 tt" = 2 057 + 0 289 

27 

869 

— 0 II 

0 2318 tt" - I 958— I 716 SWy 

24 

84s 

-035 

0 2298 V' = 2 207+ I 270 

20 

9 60 

-!- 0 80 

0 2311 'ir" == I 941 + 0 274 

27 

8 40 

— 040 

0 2147 tt" = I 796 + 0 242 

27 

837 

-043 

0 2205 tt" = I 933 + 0 247 

27 

00 

-003 

0 2326 tt" = 2 271 + 0 262 

40 

976 

+ 0 96 

0 1985 tt" - I 644+0212 

31 

828 

-052 

0 2542 tt" 2 307 + 0 289 

27 

9 08 

+ 0 28 

0 2456 tt" :s= 2 193 + 0 278 

23 

893 

+ 0 13 

0 2166 7r" = I 793 + 0 229 

25 

828 

-052 

02695 = 2 313+ 0 301 

3 ^ 

859 

— 021 

0 2564 tt" =: 2 302 + 0 277 

30 

898 

+ 0 18 

0 2514 tt" s= 2 350- I 725 

19 

935 

+ 055 

0 2758 tt" = 2 251 -2 684 

22 

8i6 

— 0 64 

0 2774 tt" = 2 409+ I 302 hn^Q 

24 

869 

— 0 II 

0 2649 tt" a» 2 300 + 0 282 Sm2g 

27 

8 68 

— 0 12 

0 2819 tt" = 2 608 + 0 310 

27 

92s 

+ 045 

0 2566 tt" = 2 368 + 0 268 

18 

923 

+ 043 

0 2753 -tt" n 2 369 + 0 296 S/Uq 

27 

861 

-0 19 

0 2775 = 2 303-0 697 

20 

830 

-050 

0 3078 it" = 2 606 + 0 354 Sm^ 

27 

847 

-033 

0 3059 tt" « 2 691 + 0 353 Sm^ 

13 

880 

000 

0 2871 tt" = 2 589 + 0 316 

25 

9 02 

+ 0 22 

0 2993 * 2 679 + 0 348 dmy 

18 

$95 

+ 015 

0 3034 tt" =s= 2 801 - 0 642 579 ij. 

18 

923 

+ 043 

0 2848 tt" « 2 605 + 0 319 

38 

9 15 

+ 035 

0 2915 tt" =r 2 528 + 0 336 59^10 

27 

867 

-013 

0 3020 tt" = 2 739 + 0 366 

18 

907 

+ 027 

0 2729 V' « 2 440-0 671 5Wj3 

*3 

894 

+ 0 14 

0 2821 tt" - 2 375 + 0 328 Jwii, 

32 

8 42 

-038 
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In the last page, is the correction to be applied to given in 
page 66, the suffixes of Sw? refer to the days of the month It is proposed 
to obtain these corrections from the meridional observations of the planet at 
Greenwich 

The weights were obtained m the following manner Let e be the 
probable error in the time of transit across the mean wire of a star, or of a 
hmb of Mars Then, when there is only one comparison star, the probable 
error of the interval is e and if n, intervals were observed in the 
evening, and if intervals were observed in the morning, the probable error 

of(P„-P.) w"is 



and the theoretical weight is proportional to 


11, Wu 

2 (l!,+1!„) 

But when there are two comparison stars the probable error of the interval 
from the mean of the two stars is and in this case the theoretical 

weight IS proportional to 

2 1l,Wm_ 

3 («, + «„) 

The numbers n, and were taken from page 62, and the weights wen' 
multiplied by 10 in order to avoid decimal places. 

The column headed w" contains the separate solutions of the equations, 
neglecting Sm*, and without regard to weight 

By applying the weights we e;et 2 >" 80 as the value of the Solar Parallax, 
and then the numbers in the last column are obtained by subtracting 8" 80 
from the different values of ir" 

Now if the observations arc divided into two classes, so that the first 
class contains those which were made with two comparison stars, and the 
second class those which were made with only one comparison star, it will be 
found that the mean value of (error x weight)® is 51 4 for the first class and 
253 4 for the second Consequently the weight due to the quality of the 
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first method is to the weight due to the quality of the second method as 
5 IS to I nearly But as this result is greatly affected hy the observations 
made on one night, namely August 12, it will he advisable to reduce this ratio, 
and we shall assume these weights to he as 4 is to i Hence it is necessary to 
multiply the former weights of the first-class equations by 4 
The resulting Solar Parallax is 


8 789, 

with a probable error of o" 060 


Jammed^ 1877, Noiemher 22 


Hot Astbon. Soc. Vol XLIV 


E 














Ill Observations of Mars, at Madeira, in August and September iZ'j’j 

By N E Green, Esq 


- #- 

The Instrument —These observations were made with a reflecting 
telescope of the Newtonian form, furnished with a 13-inch speculum, figured 
by Mr Geo. With, of Hereford The frame was mounted as an altazi¬ 
muth, open at the sides, thus giving fi:ee access to the external air The 
powers employed were from 200 to 400, the one most frequently used giving 
an enlargement of 250 diameters The instrument was first erected at an 
elevation of about 1,200 feet, and afterwards moved to a situation 2,200 feet 
above the sea. Particulars of its performance, and the opportunities for 
observation afforded by the climate and atmosphere of Madeira, may be seen 
in the Monthly Notices, vol. xxxviii.. No 1, November 1877 

The Drawings —The twelve views which accompany this paper were 
selected from forty-one drawings, all of which were made direct from the 
telescope; the endeavour in the selection being to give 9, view of the planet at 
intervals of about two hours. The longitudes have been kindly supplied by 
Mr. Albert Marth An earnest effort has been made to preserve the truth 
and character of the originat drawings and to make the lithographic print a 
facsimile of those produced at Madeira. It may be remarked with regard to 
drawmgs of the planets generally, that they are necessarily exaggerations. 
When the eye has been taxed to the utmost to observe the form of some 
delicate markmg, any shade which the hand could apply to a drawing, and 
which could be trusted to remam as a memento of the observation, would 
be far beyond the strength of the reality. But the value of the representation 
need not therefore be unduly depreciated; for if a proportionate amount of 
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force be given to all the details, it is still useful as expressing the general 
character of the object, and valuable as exhibiting a fair relation between its 
several parts 

A critical examination of the various views, and especially those which 
more immediately follow each other, will discover some discrepancies of form 
or position in the markings , but it was thought better to retain these errors^ 
pomtmg out where they occur, than to correct them, especially as some valuable 
hints with regard to astronomical drawings generally may be derived from 
these imperfect operations of the eye and hand. 

Nomenclature. —In the mdex to these drawings, and in references to 
them in this paper, the names employed are those used to designate the 
various markings in the maps of the planet published by Mr Proctor from 
a series of drawings by Mr. Dawes. To these a few other names have been 
added where the forms appear to have been observed for the first time. 

It has also been considered desirable that the name of the same observer 
should not be given to several markings, but that each definite form should 
have some name to distmguish it firom all others; a change is therefore made 
in the name of the Lockyer Sea, which in the mdex bears the name of 
Dr. Terry, &c. 

Figures i, 2, and 3 —These drawings, the product of the night of 
September i, were made under the most favourable atmospheric conditions ; 
definition, good at the first, became magnificent as the night advanced, and 
it would be difficult to exaggerate the keen map-hke appearance of the 
planet on this occasion The views differ considerably from the previously 
accepted forms of this portion of the Martial surface, but they are fairly 
sustained by drawings made at Greenwich by Mr Christie and Mr. Maunder, 
by those of Mr Brett at the Land’s End, by the observations and maps of 
Professor Schiaparelli at Milan, and also by the drawings of Dr Terby at 
Louvain, and Professor Trouvblot at Cambridge, U S 

In the first of these drawings part of the Kaiser Sea, q, is just disap- 
pearmg at the western limb. Dawes Forked Bay, the “a” of Beer and 
Madler, from which their longitudes were reckoned, has just passed the meri¬ 
dian, and IS followed by a long bay tending N.W , called Burton Bay m the in¬ 
dex To the east of Burton Bay there is a broader form extending towards the 
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north-east and terminating in a point, and it may be observed that in Fig. 2 
this same mark is represented as having a s(jnare termination, called Christie 
Bay in the index, the alteration of form being due to the better defimtion 
produced by advance towards the centre of the disk It may be remarked 



in connection with this difference of form in these two drawings, that when¬ 
ever an elongated dark form was imperfectly seen, there was a great tendency 
to prolong its shape into a pomt or a line. It is possible that this tendency 
of the eye to see, or suppose that it sees, a continuation to an mdefimte shape, 
may account to some extent for the attenuated hnes in some of Mr. Dawes’ 
views of the planet, and also for the remarkable dark canals, extendmg mto 
the lighter portion of the surface, so strongly depicted m the maps of 
Professor Schiapaeblxi These remarks acquire pecuhar force when taken 
in connection with the effort to see and to draw the surroundings of the 
Lockyer Sea (now Terby Sea, g) This sea is usually represented as united 
to the De la Rue Ocean, d, by a dark canal, and it had exactly this appear¬ 
ance in momentary ghmpses during the earlier portion of the night on which 
these three drawings were made; but as definition improved, this apparent 
strip contracted mto a definite pomt, f, which was seen clearly and sharply 
separate from the surrounding markmgs It is interesting to state that in 
a Greenwich drawmg, by Mr Cheistib, August 30, 12'' 15, this dark pomt* 
appears as a bay m connection with the De la Rue Ocean, and thus it 
would doubtless have been represented m the Madeira senes but for the 

• See the remarks of Dr Dreyei, jpos#, p 136 
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exceptionally fine definition of tlie niglit of September i." In a drawing 
by Professor Schiaparelli tbis dark spot is clearly separated from tbe De 
la Eue Ocean exceptmg on the south, where it is jomed to the ocean by a 
short dark canal. As this dark spot has been observed for the first time in 
the opposition of 1877, and is therefore without a name, we would suggest 
Lake ScliiapariUi as an appropriate designation. Should this spot be again 
visible during the opposition of 1879, it will serve admirably for a recalcu¬ 
lation of the axial rotation, as it was observed at Madeira to be exactly at 
the centre of the disk on September i, i4''*20 GMT. Northwards from this 
dark spot there may be seen in Figs. 2 and 3 the squarish form we have 
named Christie Bay, and from each angle a faint tone of shade extends 
eastward The one nearest to the dark spot Lake Schiaparelli is the only 
tiace that could be observed of what appears in Mr Proctor’s maps as 
Dawes Sea Westward from Lake Schiaparelli may be seen in Figs 2 and 3 a 
white spot, e, this is doubtless the snow island of Mr Proctor’s map. It was 
observed by Mr Maunder, of Greenwich, on October 2, 10’^ 4, and also by 
Professor Schiaparelli on more than one occasion, but appeared to him to 
vary m its brightness To the west of the polar cap there was seen on this 
evening, at lo’’ 40, a separate point of light, w, Fig i, which in all probability 
was snow still resting on elevated ground after it had melted from the lower 
levels This point shone like a star and could not have been overlooked by 
a careful observer This light was afterwards seen on September 8, at 12*^ 30, 
but it then presented the appearance of two separate points —see Fig 12 , and 
on September 10, at x 30, a faint line of points was observed concentric 
with the zone of snow-r-see Fig ii These alterations of form were m all 
probabihty due to perspective , the single point of September i appearing 
as two when less foreshortened, and these still further separated and 
mcreased m number as they were seen nearer the central meridian of the 
disk These points of light were not on any occasion observed on the eastern 
side of the polar cap, and this circumstance possesses peculiar interest in 
connection with the existence of snow on the planet For this brilhant 
appearance of the spots when most to the west of the pole, and their decrease 
m brilhaiice when passing the meridian, together with the most signi¬ 
ficant fact that they were not seen at all on the eastern side, can best 
be explamed by supposing the slopes of the hills that retained the snow 
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to have a south-westerly aspect, they would thus be sheltered from the Sun’s 
rays during the greater part of a revolution, hut fully exposed to its light, 
and therefore better seen, just as they were passing away towards the 
western limb. A larger drawing of the south pole is given in the centre of 
the plate, in which dark valleys breaking the outline may be observed ; but 
the brilliant point is not so truly placed as in Fig. i, where it appears 
nearer the outline of the disk It is mterestmg to state that this point of 
light is most clearly and exactly figured in a drawing by Mitchel, of 
Cincinnati, U S., August 30, 4’’'55, 1845, and published by him m the 
Sidereal Messenger. It there occupies the same position on the western 
limb, and is doubtless connected with some special local configuration It 
has been named in the index Mitchel Mount, in memory of that ardent 
lover of astronomy. Mr. Brett was observing Mars at the Land’s End on the 
night of September i, and describes this light near the pole as an “ auxiliary 
patch.” There is a strange resemblance to the head of an animal in the 
forms to the east of the De la Eue Ocean. This would doubtless disappear 
under more favourable optical conditions; the hard lines would then be 
found to be indented and broken, and the crudities of form disappear as 
truth advanced. The whole of these parts m Fig. 3 were, drawn a little 
too high on the disk This is especially the case with the Terby Sea (the 
Occulus of the Italians); it should be fully its diameter further north. 

Figure 4 —The principal mterest in this drawing is the evidence that it 
affords of the presence of cloud on the planet, breaking the continuity of the 
outline of the De la Rue Ocean, d, and in other places obscuring the forms 
The eastern edge of this ocean was drawn at Madeira sixteen times, and on each 
occasion was found to be clearly and even sharply defined, but on September 
29 it appeared as in Fig. 4, broken by a mass of cloud, a second mass 
lying more to the south and within the outline of the sea These obscu¬ 
rations of portions of the planet’s surface are by no means unusual. In the 
series of drawings made m 1864 by Mr. Lockyeu a portion of the Dawes 
Ocean to the west of the Kaiser Sea is evidently hidden by cloud, and a similar 
appearance at the same spot was observed both by Mr. Curistie and Mr. 
Maunder, at Greenwich, on October 16, 1877 

Figure 5 —The general forms of this view are thoroughly sustained 
in a drawing by Mr. Maunder, of Greenwich, on September 26, io’’29, and 
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the aorecmcnt of the dchuls ik ho exact, that lo<];(‘t]i('r tlu'y may ht‘ luken liv 
establish the truth of the maikuigs of this |)Oi(.i()n of the phinet.’H suriaee, at 
least at the date on whieli the diawing,s were made. The Teiby Si*a or 
Occnlus apiiears followed by and eoimected with a sinall dark s]iof, Imiding 
iioith-oast. This small spot was observed at Madeira, on August- .’3, to 
be surrounded with light Jti the index tluH spot, /, ih named I’.eswd Lake 
Above this daik spot, ni a direction towai’dH tlu' .south pole, is a definite 
dark line, and below it, towards the north-east, there is a lamt hiu* of shade, 
and as both these marks ho nearly in the diieetion of wliat uas named by 
Mr Proctor lies,sol Inlet, it i,s highly iirobable they ga,\e risi' to this 
snakc-hke form in the drawings of Mr Dawks Towards the norlli pole 
in this drawing may he observed a senes of delicate shades having a 
meridional direction, and as these lines do not belong to the permanent 
maikmgs of the planet, they may be placed amongst tin' utmosphene elfeetb, 
and possibly indicate the How of currents of cold air Irom the pole towards 
the c(j[uator. 


Fig 6. 



Figure 6—Tins view introduces a jicculiar .senes of zone-hke markings 
whicb extend ironi longitude 130® to 250° and only cease at the Kaiser Hea 
1 he forces which pioduco these alternate hands of land and water, if siiehthey 
be, oflei a field ol conjecture to those inclined to tlieorise on sueh matters 
Lho most prominent dark band in the drawing is that known as Muraldi 
boa, y; Joynson Sea, /i, being next tbo jiole. Between these there is a sea, 
which may be observed in this and following two drawings, which dues not 
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appear to have been figured before It is clearly seen m a drawing by Mr 
Maxinder on September 21, io’‘-54, wlio also has this note attached “The 
narrow sea round the polar snow seemed quite separated from the faint sea 
near it In the index to these drawings it bears Mr Matodee’s name. In 
connection with Fig. 6 there is an interesting note on the original 
drawing to this elfect that when the planet was partly obscured by thin 
cloud, the contrast between the orange tone of the central portions of the 
disk and the bluish light surrounding the limb became very evident, and it 
may be remarked m favour of the transparency of the Madeira air, that it 
required thin cloud to draw attention to an effect of contrast which was 
clearly seen and frequently observed under a\erage atmospheric conditions 
in England The most prominent mark on tins portion of the planet’s 
surface is a daik angle of the Maraldi Sea, X, which there forms a deep bay 
extending towaids the equator This bay is most admirably drawn in 
a view of MavH by Professor Tiioijveeot, U S , on September 30, 10” 10 
C M T., 1877, and in the index it is called Tronvclot Pay There is in this 
and the following drawing a projection of the light portion of the disk into 
the northern edge of the Maraldi Sea, lettered m in the index This was seen 
hy Captain Noble and carefully drawn liy him on September 21, n’‘*2 5. 
The land marked 0 in the index, between Manndcr’s Sea and the sea of 
Maraldi, has been named Vehhs Land, 111 exchange for the narrow and 
somewhat doubtful isthmus called Webbs Land by Dr Tcrby 

Figures 7 and 8 —In these diawmgs the long dark form known as 
Maraldi Sea comes to an end, having extended through moic than 100° of 
longitude. At its north-eastern end a faint winding shade, n, may be seen 
extending towards the north pole, this occurs vciy ncaily in the position of 
Huggins Inlet and was the only form observed that could have been con¬ 
nected with that shape in the drawings of Mr Dawes. Eig. 7 shows 
clearly the commencement of Hooke Sea, ^1, and the bearing of its western 
end on that of Maraldi, y. In this diawing may also be observed the con¬ 
tinuation of Maunder’s Sea, its extension towaids the south pole being 
shown m Fig 8 There is an interesting observation m connection with 
the polar cap in these two drawings In Eig 7 it is small and undefined, 
whereas in the next view, drawn less than two hours afterwards, it recovers 
its size and clearness of outline. The dark maiks suiTounding the pole 
Ror AsTRoir Soc Vot. XLIY <= 
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seem also to be similaily aflfected—^faint and undefined m the earlier drawing, 
but dark and decisive m the later one Both Mr Maukdee, at Greenwich, 
and Mr Brett, at the Land's End, noticed the reduced and indefinite appear¬ 
ance of the south pole about this date, this appearance of the polar cap 
was also observed by Dr Tebby, at Louavin, on September 17, and on this 
occasion he remarks there was an increase of brightness between 8'' 30 and 
lo** 15 , from the Madeira drawings it would appear that a similar clearing 
up of the Martial atmosphere occurred on the night of September 18 
It may be objected by some, that the leason for the better definition of 
the pole in Eig 8 is to be found in the later hour and greater elevation 
of the planet; but the notes on the original drawing do not support this 
view, for the definition, at least as far as it was affected by terrestrial circum¬ 
stances, had rather deteriorated, the an being more steady at the earlier hour 

Figure 9 —This drawmg intiodiices the grandest mark on the surface 
of Mars, the Kaiser Sea, q, which is well within the eastern limb Lockyer 
Land, r, the large orange patch between the Kaiser Sea and the south pole, 
becomes also a most important feature. It is difficult to account for the 
alterations in the form of this land in tbe three following drawings, yet they 
seem to be consistent with each othei. It gradually decreases in size to 
Fig 12 ; but why it should occupy a larger area in Fig 9 than in Fig ii, 
where it is on the meridian, is somewhat puzzling The supposition that it 
is of an oval form, lying obliquely to the equator, will explain some of these 
changes, foi in this case it would come on the disk with its longest axis 
presented to the eye , whereas, as it passed off towards the west, its shorter 
aiins would in turn be visible 

Figure 10 —The forms represented 111 this view are fully supported by 
a drawing made by Mr Matjkdee, at Greenwich, on October 15, 7’' 12, 1877 
It IS also in close agreement with the view of this phase in the grand series 
by Mr Lockyee, published in the Society’s Memoirs in 1862, and all its 
larger features are evident in a map-hke drawing by Piofessor Schiaparbeli , 
but in his view the light portions of the planet s disk are crossed by various 
dark canals, which certainly were invisible at Madeira In justice to the 
learned and exact professor, it should be remarked that many of these dark 
canals were only visible to him during the months of February and March 
1878 We are therefore presented with the following alternative* either that 
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vast physical changes had occuired in the atmosphere or on the surface of 
the planet between September 1877 and the eaily part of 1878, or that 
optical effects to which allusion has been alieady made had some influence 
in producing these appearances 

Figure 11 —This drawing was made only two hours after that of 
the previous flgure, but detinition bad in that short interval Ijccome superb. 
The eye-piece employed was an achromatic by Mr Browning, made especially 
for these drawings of Mars, and finished with the greatest caie, its power 
giving an enlargement of 400 diameters The atmospheric condition of 
Mars seemed also to be most favourable to the exhibition of minute forms 
and the most delicate tints of shading and colour The edge of the polar 
snowcap was seen to be indented by several piojections of the daiker 
surrounding tone, and even in its general mass several delicate changes of 
tmt were observed, indicating ridges and rougliness on its suilacc , below it 
a senes of minute points of light weic cleaily visible, being the result of 
the separation of those brighter points ol light which had been fiequently 
seen since September i Towaids the western limb a junction was 
observed between Zolhiei Sea, and Ilookc Sea, and to the west of the 
Kaisei Sea a most delicate shading, s, was visible somewhat 111 the position 
of the form known as Mam Sea Tins shading was fiuntly seen on tlie 15th— 
see Fig 9—and appears m diawmgs by Mr Vkatt, of Biigliton, and in those 
by Piofessor SciriArAPEULi On the oastein side of the Kaisei Sea, and in 
the angle formed by it and Itcischel 11 . Stiait, a bay or sea was observed 
nearly separate from the Ivaiscr Sea Immediately to the cast of this 
dark sea there is a brilliant angle of light, /, on that jiart of the Dawes 
Continent which lies nearest the equator This jiait was most carefully 
observed and drawn by Mr Banks, at Ealing, in 1862, whose views of the 
planet were afterwaids published in ihe Asti onom/ad Iteijisfer, to this kind 
and most amiable friend the writer owes his introduction to the noble 
science of astronomy, and 111 the index it is named Cape Banks, m grateful 
remembrance of his friendship and assistance The most faint form observed 
on this occasion^ was the triangular sjiacc of light, u, which is seen half way 
between the Kaisei Sea and Lockyer Land ; but as tins figures very clearly 
m a drawing by Mr Hirst, at Sydney, August 3, io'-3o, there can be no 
doubt of Its existence It is also visible m a highly limshcd and accurate 
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drawing l)y Piofe&sor ThoijVelot, (latnbridge, U H , September i6, 9'' 40, 
Cambiidge mean tunc The singnlaily exact agreement between the detaiK 
of the Piofcssoi’s diawing of tins date and the No ii of this scues affoidh 
the stiongcst }noof of the tinth of tins representation of the planet’s surface 

Pigme 12 —On tins occasion the orange coloiii of the Maitial continents 
was particulaily evident, together with gieat refinement in details The 
points of light called Mitchel Mountains, to the west ol the pohu sinnv, ha\e 
already received a notice These aic located near loiigitiidos 270° and 280°, 
and no small amount of intciest will attend a seaicli for them on some future 
favourable occasion 

Of all tliese Mcws, that icpresented in Pig ii was without coinpaiison 
the grandest obtained at Madeira This drawing also, of all the sei les, most 
effectually recalls the impiession icccived at the telescope , this sight ol i/'uus 
wvas felt at the time to be a iicb reward foi evciy elioit, and will leniain, 
while memory lasts, a constant delight and satisfaction. 


GENERAL REMARKS 

Axis —In No i of the outlines which serve as an index to the diaw mgs 
an attempt has been made to give the direction of the axis of lotation This 
cannot claim m any way to be the lesult of calculation, but simjily that 
direction which licst accords with the movement of the niaikings acioss the 
surface of the planet’s dish The markings seemed always to come on tlu' 
disk lower towaids the cast, and to leave it higliei on the west, than was con¬ 
sistent with an axis concentric with the polar cap It is also Mr Proctor’s 
opinion, fioni vniions observations, that the axis of rotation lies ]ust within 
the easteiii edge of the south polai snow as it appealed 111 Soptombci 1877 

Atmosphere —The principal evidence of atmosphere is the constant 
fading of the maikings and colours as they approach the limb, and it has 
been remaikcd by Captain Nobee that this fading was more evident on the 
western than 011 the eastern limb, indicating that suniise on Mats uas 
gcneially moic clear than sunset The mgst decisive evidence of this atmo- 
spheiic ling within the limb of the planet was observed on September 20, 
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when the bluish white of this portion was most strongly contrasted with the 
orange tone of the centre, a contiast which was much increased when 
obseived through thin passing clouds The noitherii heimspheie was sin¬ 
gularly free fiom markings, and although on one or two favourable occasions 
the strongei daiks could be tiaced into it, the general effect was that of 
atmosphere rather than of surface details lire most remaikable appearance 
in this hemisphere is shown in Tig 5, where the meridional lines occur to 
which reference has already been made It is fai from improbable that the 
north polar region, which in the opposition of 1877 lay beyond the visible 
portion of the limb, was not only in darkness but covered by cloud, from 
which the snow of a future opposition might be condensed and deposited 

Clouds —The clouds of Mars are evidently much less dense than those 
of the Eaith, indeed so much so that no cloud proper can be said to exist in 
the equatoreal regions This has been clearly argued by Mr Bkett, though 
he has been led to consider the snow caps as cloud formations, a theory 
which appears to be strongly opposed by the behaviour of those cajis, and 
especially by the sharp definite and fixed points of light left behind by their 
contraction, which have been seen after many years to occupy the same places, 
and which points during the ojiposition of 1877 preserved a fair relative 
position amongst each other 5 this at least is not how clouds usually behave 
But though of cloud propci there seems but little evidence, of vapour suffi¬ 
ciently like cloud to hide, and that completely, poitions of the darkest 
markings, there is evidence 111 abundance In Fig 4 the outline of the 
De la Hue Ocean is not only obscured, but a jiortion of it hidden, by cloud 
In drawings 7 and 8 there is evidence of the clearing u[) of the zone about 
the south pole, the mdistmctiiess of the ])olar patch about this time having 
been noticed by Mi Maunder, Mi Brett, and Dr Tfrby. In the Green¬ 
wich drawings of 1877, and those in 1862 by Mr Lockyer, parts of Dawes 
Ocean were hidden occasionally by a light ivhich was not always observed in 
that position In addition to these facts may be mentioned the occasional 
appearance of white masses, almost iivalhng the pole 111 brightness, which 
have been observed on the limb near the northern pole, and especially on the 
eastern side , one of these is figured in a drawing by the writer, jRibhshed m 
the Ashonomical Register^ vol 111, Maich 1865. These masses of light 


134 


Mr. N K (xnmv, Oh^eivaf/ons of Ma) f!, 


were observed vipoatiie Inn)) only, and did not advance witliin it, they were 
not therefoi'e attached to the f^urtacc, and tlie only solution wc can propose is 
that they were volumes of cloud oi mist, which wore dissipated by the 
rising Sun Such (dlects oi tlu' Sun’s rays liecpicntlv occur in our own 
chmate, especially m mountain districts 

Snow _The aigument in lavoui of the polar cap being composed of 

snow has in groat, part been anticijiated in the remarks upon Fig i Hut 
theie IS turtlici evidence if it bo rciiuircd. In the drawing of i/iaw.s', April 20, 
1856, published by Mr De la R.ue, the Avliole ol the continent to the south of 
of the Kaiser Sea is evidi'utly under snoAV , for at this tune the south pole was 
out of sight, and the loini of t.he wliite portion is just that of Lockyer Land 
seen forcshoitencd This appeaiance is also clcaily shown in Figs 3 and 4 
of a senes ol drawings by the aul.hor of tins ])apci, pulilished 111 the 
Astronomical llegistrrm 1873 , in these also the south polar cap is out, ol 
sight, but the snow extends in an angular form exactly oven* tJie position of 
Lockyer Land. There, is also a, stiong indication oi the jircsencc ol snow on 
the line ol light that forms the edge of beer Continent, v, near the equator; 
and it IS no extravagant supposition t.o consider that this continent may be 
bounded by mountain langes of great height,, as the continents ol North and 
South Amciica, on the western coast, by the Andes These lines of liglit are 
not conhned to the edge of I’eia Continent, l)ut may be semi on otlier 
portions of the suiiacc oi the plaiiel,, sucli as Kepler Land to t,he south 
of Terby Sea, Hind L’cniiisuLi,, .c , and tlu' so-called snow island of Mr. 
Dawes 

CoLoiJU —An attempt lias bcmi ma,dc to illustra,tc this subject m the 
drawings The general tune of the c(‘ntral poitions ol the disk may bo 
described as a warm yellow, hcightcmiig into orange on some ol the con¬ 
tinents, especially on Lockyer fjand and beer a,iid llerschcl Continents. 
The darker poitions, supposed to be water, were a greenish giey, partly due 
to contrast with the orange , but it varied so much in depth and tone, that 
much of its colour must have been the result of local changes. It was very 
interesting to obseive the delicate alterations m depth of the darkei portions, 
and if depth of tone means depth of water, deep indeed must be some parts 
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of the Sea of Kaiser. The Terby Sea, or Occulus, -was a very dark spot, much 
darker 111 proportion than is represented in the drawnop^is, it always caught 
the eye before any other mark, especially when neai the mendian The 
atmospheiic img, "which geneially suirouiidcd the interioi edge ot the disk, 
has been already described as a bluish white, but this did not attiact so much 
attention at Madeira as in the English observations 

The thanks of the Author are heartily given to those who have so kindly 
placed their drawings at his service, foi examination and comparison with 
his own These aie hrst due to Sii Gkorge Airy, for his kindness in 
allowing the use of the Greenwich scries by Mi Ciirjstib and Mr Maundkr , 
and to Mr Christie, for his earnest co-o])eiation in the efiort to procure 
othei views or information connecied with tlic subject The drawings of 
Ml. Trett have been most serviceable m confirming and supporting the truth 
of the geneial forms, and tliosi' by Idi Tehbt, Capt Noblk, and Mr Pratt 
have greatly assisted the investigation. To Professor Sciiiatarklei the writer 
IS particularly indebted for bis proni])t lejily to tli(“ ic<itiest lor drawings, and 
also to Professor Trotivelot, between whose views oI tlie idanet and those 
made at Madeira there CRists such, seiviccablc agreement 

The thanks of the Author would be most incomplete "without a reference 
to the valuable assistance received Irom fiiends at Madeira, especially from 
Mr. Vm liiNTON and family, by ivliosc cjfficient help tbc oliscrvations were 
greatly facilitated, while the mind and body of the artist were rcfreslied and 
strengthened by constant sympathy and kindness. To Mr Charles E. 
Blandy also most smccre thanks are due, for the great interest shown by 
him m telescopic matters, every help 111 lus ])ower being most generously 
and kindly given 

One decisive advantage has been gamed by this united effort to produce 
drawings of the planet. There is an evident advance m the knowledge of 
fixed markings, and the doubts and difficulties which in former years have 
attended the effort to b armonise conflicting views have m a great measure 
disappeared—a fairly consistent Mars being the product of the memorable 
opposition of 1877. 
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ADDENDA 

Since the Memoir on ]\ f(jis was written, the Eare of I toss has kindly for 
warded a copy of Dr Dkeyek’s views of the planet, made 111 1877, at his 
Loidship’s Obsei vatory at Parsonstown The drawings aic accompanied with 
a few rcmaiks upon the dchnition of the siiiface markings 

There is a fan agreement between the drawings by Dr. Dreter and those 
produced at Madeira, especially between No 6 of the Parsonstown scries, 
September 16, ic’^ 55”, and No 8 of the Madeira views, drawn on September 
18, I P 45” 

Amongst the reraaiks theic is one of peculiar interest, showing that 
similar optic.il illusions may present themselves to observers sepaiatcd by 
great distances, and using instiumenfs of vciy different light-grasping 
powers — 

Dr. Dreyer, obseiving with the thice-foot minor, writes “ Lockyer Sea 
was always seen of a very icgiilar shape, slightly oval cast and west. It 
appeared to be joined to the De la Rue Sea by an extiemcly faint and dif¬ 
fused band, but this was consideicd lathcr doubtful” This is e.xactly tlic 
character of dehnition to wliicli allusion is made at page 125 of this Memoir, 
and refers to the same portion of the planet’s suifacc Dr Dreyer would 
have been justified m connecting the Lockyer Sea with the De la Rue 
Ocean by a faint band in his drawings, although he might liave added a 
note expressing his doubt as to the exactness of the observation , and, had it 
not been for the singularly good definition of the night of September i, at 
Madeira, tins senes would have exhibited the imagmaiy faint band also 

But the small sea called “ Schiap.nelli” receives a confirmation from 
Parsonstown In a letter to the author, Dr Dreyer remarks: “ On my 
drawing No 9 there is a small spot nearly midway between J..ockycr Sea and 
De la Rue Sea, and when I read your note in the Monthly Notices foi 
December 1877 ,1 thought at once that I had seen and shown on Fig 9 what 
you call a very small sea ” The special interest connected with these state¬ 
ments IS this that, both at Parsonstown and Madeira, each observer sees at 
one time a faint band, connecting the Lockyer Sea with the De la Rue Ocean, 
which band resolves itself, afterwards, into a small spot 
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INDEX TO PLATE I 



Daweb Foiiked Ea\ 
Bubton Bay 
i CiiBiSTrE Bay 
i! De la Kle Ocean 
ti Part of Kaiser Sea 


(j TERr.Y Sea 
'I Bessel Lake 
j Mahaldi Sea 
I Trouvekot Bay 
w Mitctter Mountain 



Tlie above names are those to whicli reference is made m the Memoir For fullei 
paiticulais see the Map of Mars 
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INDEX TO PLATE II 


EiS 8 



(f Kairbr Si<a 
'i Lock YE R Land 
s Main Sea 
t Banks Cape 
%i Hirst Island 
V Beer Continent 
w Mitciiel Moentajns 
' v . Hind Peninsula 


It JoYNSON Sea 
j Maraldi Sea 
L Maunder Sea 
I Trouyelot Bay 
m IToble Cape 
}b Huggins Inlet 
o Webbs Land 
p PIooKE Sea 


Txg 11 



Tlie alboye names aie tliose to wliicli reference as made in the Memoir Poi fill lei 
particulars see the Map of Mars. 












TV. Double Star Observations made in 1877-8 at Chicago loith the i^\-inch 
Refractor of the Dearborn Observatomj^ comprising I A Catalogue 
of 251 New Double Stars with Measures, II Micrometrical Measures 
of 500 Double Stars By Siieebtjrne Wesley Burnham, M A 

- *- 

INTRODUCTION 

The astronomical observations contained in the following pages were 
made between July 22, 1877, October 15, 1878, with the i8i-inch 
refractor of the Deaiborn Observutory, and comprise a catalogue of 251 new 
double stars, and measures of 500 double stars already known, making a 
total of more than 1,400 micrometrical measurements 

As but little use has been made of the great Equatoreal since its erection 
in Chicago, and no publications have been issued by the Observatory, a brief 
description of the instrument and its accessories may be of interest 

HISTORICAL 

The Chicago Astronomical Society was organised in 1862 At that 
time an object-glass of 18^ inches was still in the possession of Messrs Alvan 
Clark & Sons, which they had made for the University of Mississippi, and 
which was left upon their hands in consec^uencc of the breaking out of the 
civil war of the rebellion. Steps were at once taken to secure what was 
then the largest object-glass in the world. Negotiations for its purchase 
were pendmg with other parties, but, by the prompt and decisive action of 
Roy. Astron. Soc. Vol. XLIV tt 
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tlie Hon Thomas Hoynb, the glass was secured and a contract made for a 
complete mounting, at a cost of about ^18,000 TMs amount was raised by 
subscription, the persons subscribing thereby becoming members of the Astro¬ 
nomical Society A massive tower, about 90 feet in height and attached to 
the budding of the Chicago University, was erected, and the instrument, in 
the early part of 1864, put in position The tower alone cost ^'30,000, the 
entire expense of which was defrayed by the generosity of a single citizen, 
the Hon J Young Scammon Mr Hoyne, in his report as Secretary, giving 
a “history of the foundation of Dearborn Observatory,” justly says of 
Mr Scammon, “ his name is associated, by his culture and love of art and 
science, with the use and progress of nearly every school, scientific enterprise, 
benevolent institution, and work of material progress in Chicago since it had 
a beginning ” Mr Scammon has been President of the Astronomical Society 
from^its organisation, and has liberally contributed towards the support of 
the Observatory A meridian circle of 6 inches aperture, by Eepsold, was 
subsequently purchased, with which, under the directorship of Professor 
T H Saeeoed, a zone of star observations was commenced for the great 
Catalogue of the German Astronomical Society This work was suspended 
by the great fire of October 18713 and has not been resumed. 


THE EQUATORBAL 

The Equatoreal has a clear aperture of 18i inches and a focal length ot 
23 feet The finder has an object-glass of 3I inches in diameter The 
mounting is of the usual German form, and supported by a smgle block 
of stone resting on the top of the pier It has a Bond sprmg-governoi 
driving clock, which latterly has carried the instrument very steadily At 
times I have found it necessary to increase the driving weight, and occa- 
sionaUy to overbalance the instrument, thereby reducing the lesistance. 

The right ascension and decimation circles are respectively 20 and 30 
inches m diameter, finely divided, and furnished with readmg microscopes 
On the outer portion of each circle coarse divisions m black on white 
ground have been painted, reading by similar verniers to minutes m right 
ascension and to 5' of arc in decimation To the eye end of the telescope is 
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attached a small terrestrial glass of about inch aperture, with a hall and 
socket joint so that it can be directed to the coarse divisions of the declination 
circle Two of the lenses of the erecting eye-piece were removed in order 
to shorten the focus and bring it, when directed to a point about 15 feet 
distant, withm the limit of the draws of the glass With the “ bull’s eve ” 
lamp ordinarily used the instrument can be set in declination or a 
reading taken without leaving the eye end of the telescope This readino- 
glass can be mstantly removed and attached to the opposite side of the main 
tube so as to be always convenient to the eye when the instrument is 
reversed I have never found it necessary in a single instance to use 
the fine graduations of either the right ascension or the declination circle. 
The smallest stars have been identified without difiiculty, and for all 
practical uses these divisions, put on with a brush, serve as well as the most 
expensive and finely graduated circles 

The right ascension circle can be read from the floor with the lamp, 
but in most positions it is troublesome to set in right ascension, for the 
vernier cannot be seen when the oliserver is within leach of the telescope. 
To obviate this difficulty and save time in an opertitiou which has to 
be repeated many times each night, I have attached a device which, so far 
as I know, IS new, and is so simple and efficient that a brief description of 
its construction may be of service to others 

At the eye end of the telescope, from an axis placed exactly at right 
angles to the plane described by the tube when moved in declination—in other 
words, parallel to the declination axis—is freely suspended a thin disk, in 
shape nearly a semicircle and about 10 inches in the longest direction Tins 
carries an arm of about 7 inches radius, moving about a fixed pin near the 
middle of one side of the disk To this arm is attached a tolerably sensitive 
level fiUed with red fluid and having a long bubble Part of a circle is 
described on the disk, having for its centre the centre ol motion of the level 
arm, and this is divided into hours and minutes of light ascension, as here¬ 
after described, for three hours each side of the zero point, which is on a 
level with the centre of the circle when the telescope is in the meridian. 
Ihe edge of the disk extends a little beyond, and is parallel with the divided 
part of the circle, and a friction wheel is attached to the extremity of the 
level arm with a projecting milled head. This ivheel, Jiaving an elastic 
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surface of rubber, presses against the circular margin of the disk By 
turning the head, the level arm is moved to and remains in any position of 
the scale In setting on an object, the telescope is first set in declination 
and the arm moved on the proper side of the zero point a distance eq[ual 
to the difference between the right ascension of the object and the sidereal 
time The telescope is then moved in right ascension until the bubble 
comes to the middle of the level. In identifying a star it is only necessary 
to turn the arm until it is level, and add to or subtract from the sidereal 
time, as the case may be, the reading of the scale My practice has been to 
set my watch at the beginning of an evening’s work to sidereal time The 
difference 111 rate for a few hours is of no practical consequence, and it is 
much more convenient than a chronometer It is quite necessary that the 
axis from which the disk is vertically suspended should be exactly in 
position, and adjusting screws are necessary For convenience I have 
placed this axis between the lower end of the finder and the mam tube 
The level has to be adjusted on the arm so that its axis is parallel with the 
line joining the centre of motion of the arm and the point at which the 
reading is made When the axis of the disk is in its proper place and the 
level arm moved so as to bring the bubble into the middle, it will leinain 
there with any motion of the telescope m declination, and give the same 
reading with the instrument reversed for equal distances from the meridian 
The disk, with its attachments, can be instantly removed, or can be reversed 
with reference to its axis, so that, when the telescope is on the other side of 
the pier, the graduated side of the disk shall be presented to the observei 
The value of the divisions of the scale, expressed in degrees for each 10 
minutes of right ascension, were calculated by the formula 

E. sm 5 < 

where a is the meridian distance, h the altitude, and I the latitude of 
the place These lo-miniite spaces were then subdivided into five equal 
parts, making the 2-minute divisions in the first hour from the meridian 
equal to o 045 of an inch They aie of course a little less as they recede 
from the zero point of the scale, but still are wide enough to give with 
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certainty the neaiest minute It is but the work of a moment to set on 
a star, or take position of an unknown ob)ect, without leaving the seat. 

I have found this simple contrivance of the greatest service in actual 
work It was roughly made of wood by myself as an experiment , but 
It has so completely answered the purpose that I have used it ever since. 
By some little modification it can be made to indicate the decimation 
of the telescope as well as the right ascension 


THE MICROMETER 

The micrometer, made by Clark & Sons, is provided with five eye¬ 
pieces, the powei s of which I have measured as follows:_ 


I 

190 

II 

292 

III 

390 

IV 

638 

Y 

925 


In addition to the micrometer screw, there is, on the opposite side, 
a coarser screw, moving both wires for bisections or bringing the wires up to 
the star, and a rackwork by which the eye-piece can be moved by the wires 
at right angles to the axis of the telescope, and the object and the wires 
placed in the extreme edge of the field There is no provision for changing 
the coincidence of the wires The position circle is 8 inches in diameter, 
with two verniers From transits of circumpolar stars I have adopted 
11" 420 as the value of one revolution of the screw. In the early part 
of the work a slightly lower value was assumed from information ; hence 
some few measures of wide pairs, as printed in communications relating 
to special objects m various Periodicals, will be found to differ slightly from 
the measures as recorded here. In distances where the change is sensible, 
the proper correction has been applied 
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CLASSES OF DOTJBLE STARS OBSERVED 

At the outset I determined to confine my observations as closely 
as possible, first, to pairs which, by reason of their extreme closeness 
or inequality, were peculiarly within the province of a large aperture ; 
secondly, to double stars which, from the above conditions or the neglect of 
observers, have been measured but rarely or not at all m the last thirty or 
forty years , and thirdly, to certam difficult pans recently discovered, pimci- 
paUy by Mi Alvan G Clark and myself 

The second class of stars alluded to is a large and varied one, 
comprising many examples from the oldest lists of double stars, m fact, 
aU Catalogues since Sir William Herschbl, as well as occasional modern 
discoveries Many observers have gone on from year to year observmg 
over and over again the same familiar stars, of which Castor^ y Vvrginis^ 
s Lyroe may be cited as examples. Not that those stars aie not impoitant, 
but that they have been observed at the expense of hundreds of others 
equally important, and m one sense more important, for the reason that so 
little IS known of their true character It is the more to be regretted because 
most of these well-known systems are extremely easy—so easy, mdeed, with 
the apertures generally employed, that the work of measuring them would 
for that reason be to some extent uninteresting to many observers, and fine 
refractois of 6 or 7 inches aperture and upwards ought, it would seem, 
to do more than deal only \nth couples which a 3-inch aperture will 
show perfectly Many senes of measures have been published from time to 
time, made with first-class mstruments, which do not contain half a dozen stars 
each beyond the reach of an aperture giving one-thnd of the light The 
result of all this is, that we have a large number of measures of a comparatively 
small list of stars, sometimes several hundred individual obseivations each, 
and only a very limited number, often none at all, of recent measures 
of a very much larger list Of the four or five thousand double stars now 
known—^leaving out the wide, faint, and apparently insignificant objects 
mcidentally picked up in the sweeps of Sir John Heesceel —^the real 
character and rate of the relative motion, if any exists, of but a few dozen 
are understood 

In this connection I cannot forbear allusion to one distinguished observer 
who has followed no beaten track, whose mdefatigable zeal is mamfested in 
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every field, whose.skill as an observer, rf it has been equalled at any time, 
has never been excelled The notes to the following measures will fuimsh 
some evidence of the wide range and the importance of the observations ol 
Baron Dembowski While he has systematically observed, each year for a 
long time, most of the more important of the old binary svstems, lie has found 
time to measure a large number of the most difficult pairs from the 
Catalogues of Struve I , Struve II, Hersciiel, and recent observers The 
address of Lord Lindsay, President of the Eoyal Astronomical Society, m 
awarding the gold medal to Baron Dembowski m the early part of the 
present year, contains a brief account of his labours , but it is probably not 
generally known that his micrometrical measures of a large number of 
important pairs arc as yet unpublished In the interest of my General 
Catalogue of Double Stars, I have been favoured with perhaps several 
thousand measures altogether, not included m Ins printed observations For 
several years he has given no inconsiderable portion of his time to measuring 
the new pairs discovered by myself with the 6-mch refractor. Of these 
double stars—upwards of 400 in number—not less than 1,500 measures 
have been made, only a few of which have been published. It is to be 
hoped that at an early day Baron Dembowski will publish his observations 
in a complete form They are scattered through many volumes of the 
Astrmomzsche JVachncIiten, and arc apt to be overlooked without a systematic 
search for particular stars Omit the observations of Dembowski and 
0 Struve, and our knowledge of mne-tenths of the double stars would not 
be ndcXtcricXlly adyancccl iii tlic last ibirly years. 

Some of the new pairs in the accompanying Catalogue have been 
measured by Baron Dembowski, and J am fortunate in being able to present 
Ins measures in addition to my own Few observers would be able to 
measure such stars and those habitually observed by him with an aperture 
of only 7 inches It is another illustration of the truth that much more 
depends upon the observer than the size of the instrument I may add that 
nothing has been more gratifying and flattermg to mo than to find my 
measures of a difficult pair with 18} inches aperture agreeing closely with 
the measures of Baron Dembowski with 7 inches. 
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METHODS OF OBSBRYATION 


In making my measures I liave used almost exclusively a bright wire 
illumination, and always red light While I do not know that the latter is 
indispensable, I have found it so satisfactory that I have not tried any other 
colour With the proper amount of light from the right direction I hnd the 
wires smaller and sharper than with a bnght held, and the illumination does 
not iiijuiiously affect the visibility of the faintest stars. I have found it 
true that many, if not most, of the minute stars measured are more obvious 
under a suitable illumination of this kind than with the lamp removed 
altogether I have never seen a star so faint that it could not be equally 
well seen with a sufficient illumination to show the wires with desiicd 
distinctness 

The micrometer is fuimshed with two hollow arms on opposite sides of 
the main tube, making an angle of about 45° with the optical axis of the 
telescope, from which the lamp is suspended These arms arc attached to a 
collar winch revolves aliout the fixed tube of the micrometer, the light 
passing through a scries of holes in the latter and striking the wires directly 
The colour of the light is produced by a slip of red glass moving in a slot 
111 front of the lamp m such a manner as to regulate the quantity of light as 
well as the intensity of the colour In making a measure of cither distanci' 
or angle, these arms aie turned so as to bring them approximately into the 
plane of the micrometer screw. The light then strikes the wires at right 
angles and produces the strongest illumination A constant position of the 
lamp with reference to the wires is doubtless important, and certainly tends 
to make the observations uniform The lamp can be readily shifted so as to 
give a bright field , but I have been unable to find m my own observations 
any special advantage m this method, even with bright stars 

Most of the close pairs, and generally those under 1", have been 
measured with the highest power Eye-piece I has been very rarely used, 
and II only m measuring wide pairs on poor nights Most of the measures 
have been made with III, IV, and V I have not indicated the power used 
in each measure, as it could be of little interest to other observers With 
regard to the use of powers, much depends upon the quality and apertuie of 
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the telescope and the atmospheric conditions at the particular time, and 
something upon the eye and habits of the observer 

In regard to the manner of observing, it should be stated that the 
Observatory is provided ivith no seat or couch for zenith observations or 
measuring stars in high altitudes, and it has been impossible for me to give 
that attention, m making mcasiiics, to the position of the head and body of 
the observei that the most experienced observers consider important 
For moderate altitudes I have used a step-ladder, making each step a 
tolerably comfortable seat by the simple expedient of placing a box on the 
step below equal 111 height to the distance between the successive steps. 
This has answered reasonably well for zenith distances not less than 25° or 

30°. I shall provide myself with better facilities for the next scries of 
measures 


The method of double distances has always been employed, except in 
perhaps half a dozen instances of remote stars, which are noted 111 the 
measures I have usually taken five readings lor jiosition and tliree on 
each side for distance Shortly after commencing work I found there was 
some “shake” in the micrometer screw, and m the Jew measures made prior 
to that time (1877681) 1 have rejected those of distance or given them to 
a single decimal place. The micrometer was then put in good order, and 
has so remained 

As to the ])crrorinancc ol thi' telescope, the discovcrii's and measures 
themselves arc the best evidence I will only add that the object-glass, 
now that it is in much more perfect adjustment than it has been' lor many 
years, is fully up to the standaid of excellence found m all the relractors 
manufactured by Messrs Alvaii Clark & Hons Tho. separating power is 

nearly, if not quite, what it should be in accordance with the formula of 
Dawks— 


4" 54 
Ajioi til 10 


With the highest power and under favourable conditions, I think it will 
fairly separate two equal stars with a distance of o" 25 


Roy. Astron. Soc. Vol XLIV. 
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STAR MAGNITUDES 

Ill the mai>mtu(le,s asfai^necl to tlie smaller stars of tlie new pairs there 
IS some room (or doiiht When they do not fall below 12 of the scale 
employed (Struve’s) J have not felt much hesitation, because standards of 
comparison aie familial lire tendency would jirobably be, in using a huge 
aperture, to ovc-restimate the bi ightness , but when stars that are faint in such 
an mstruincnt, and nioi c oi less difficult from their proximity to bright objects, 
arc to be estimated, the absence of the practical extension of any scale to such 
limits renders the values somewhat unceitaiii, however consistent they may 
be with each other. Professor Pickering, of the Harvard College Observa¬ 
tory, has commenccid a senes of photometric observations of double stars 
with coiripaiTSons luniung down to the limit of visibility with the 15-inch 
refractor. This systematic work cannot fail to be of the highest importance 
Even a few of thc'si' small stars, with the magnitudes absolutely determined 
by the methods employed by Prolcssor Pickering, will be of great assistance, 
by enabling the observer to have 111 his own mind some standards with which 
to compare. 


MEASURKR OF OLD DOUBLE STARS 

In preparing a working list 1 have been guided by the principles and 
considerations alri'ady mentioned But, in order to fill up all the time, it 
was necessary that a considciable portion of this list should consist of wide 
pairs, such as could be observed when the weather was unsuitable for more 
interesting and difficult objects In selecting these I have taken such as 
seem the most important from the absence of any recent observations J 
have usually observed on each night the most difficult and close pairs I 
could measure under tlie cn cuuislances The very best nights have been 
given to pairs under o"4, or, if very unequal, under i" The magnitudes 
given in the eighth column oi the measures are taken from the original 
Catalogue 111 which the pair is first found, with the exception of the OX 
pairs, the magnitudes of which are from Dbmbowski’s measures of the 
Pulkowa Catalogue. 
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NEW DOUBLE STARS 

Much less time has been given to the discovery of new objects than 
might be supposed necessary from the number of new systems m the followino 
pages len the time required to make more than 1,400 micrometrical 
measures is taken into account, it will be seen that no very large proportion 
relatively, could remain for new fields Many of the new doubles Ire^naked- 
ye stais, and some of them of the most interesting class 

thp 1 naked-eye stars whose distances are within 

the limits adontod h-vr STiuTTiru -rwrui, j.i,. _ ■, « 


/3 


491 

492 
506 

513 

518 

521 

522 

524 

531 

535 

544 

547 

550 

553 

555 

570 

578 

587 

588 

590 

59*5 

599 

600 
605 
608 
612 


Star 


^ AndromedoB 
BAG 20X 
rj Piscium 
48 CassiopoioB 
Coti 389 
Persoi 67 
f.t Arietis 
20 PersGi 
L627S 
38 Pcrsei 
36 Tauri 
47 Taun 
a Taun 
0^ Ononis 
/3 Ononis 
II Monocerotis 
L 14545 
15 Hydia 
HjdrfB 96 
29 Hydra) 
Looms 222 
65 Looms 
Cratens 36 
Bag 4149 
15 Ganes Von 
BAG 4559 


Distance 

j8 

Stai 

Distanco 

00 

616 

7 Bootis 

26 18 

I 82 

618 

d Libioo 

1 86 

X 02 

625 

(0 liorculiH 

I 90 

I 07 

627 

52 Ileicnlis 

I 83 

I 57 

633 

7 Dracoms 

20 88 

5 S6 

<137 

W^XVIII 28 

7 26 

19 10 

648 

BAG 6480 

0 6x 

0 34 

C53 

fi AqniLn 

21 

43 

654 

52 Sagittal a 

2 93 

0 96 

660 

BAG 6963 

9 44 

25 06 

668 

BAG 7080 

464 

0 89 

669 

Cygni 

17 26 

3045 

672 

7x Aqmloo 

3052 

28 58 

675 

Cygni 

2 78 

0 2 

68s 

2 Pogasi 

29 82 

25 79 

690 

jot Goplioj 

1927 

r 72 

694 

Lacoita) 4 

050 

045 

697 

19 Oephoi 

19 75 

237 

702 

3 Gopliei 

1937 

10 80 

703 

a LaceitoB 

30 t6 

2 38 

717 

8 Andromeda) 

7 61 

X 78 

718 

64 Pogasi 

0 46 

i 25 

720 

72 Pogasi 

0 40 

1 25 

730 

27 Piscium 

r 42 

I 22 

733 

85 Pogasi 

0 67 

0 23 I 
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In conformity with my cxpciicnce heretofore, a number of previoufely 
known double stais fiom the various Catalogues have been found to ha've 
other and closei components In most instances the difficulty of the object 
will account for its non-discovery by pi lor observers The following is a 
list of 35 such pairs, with the distances of the old and new companions and 
the corresponding number in my Catalogue :— 



Double Stai 

Now 

Old 


Double St ir 

New 

Old 

487 

S 17 

2 04 

27 06 

600 

N 26 = Sh 120 

I 25 

61 53 

SI° 

¥ v 92 

I 59 

S 3 56 

601 

^ lY 112 = 8 027 

0 81 

28 16 

SIX 

171 

3 

29 69 

60S 

S 24 App I (15 Canes 

I 22 

288 30 

524 

318 (20 Peisoi) 

0 34 

1404 


Y enatici) 



530 

S 366 ^ej 

I 99 

48 97 

614 

OS 271 

0 60 


S 36 

S 437 

0 44 

36 72 

617 

S 663 = ijl YI 117 

2 73 

5944 

55 ° 

2 App II (Aldcb ) 

30 45 

113 9 

618 

VI 44 {i Libras) 

I 86 

57 45 

SSI 

II 3261 (96 Tauu) 

6 26 

30 75 

620 

H 4803 

086 

5025 

sss 

2 668 (/3 Ononis) 

0 2 

9 14 

C32 

OS 336 

5 46 

42 80 

557 

721 

0 46 

24 32 

638 

S 2287 

171 

22 33 

558 

14 App I (0 Ononis) 

33 79 

52 80 

639 

Sli 264 

0 5 

17 30 

5 S 9 

H — 

I 74 

5 ° 85 

C43 

S 2342 

8 86 

28 80 

575 

S 1057 

0 69 

15 87 

652 

s 2539= II 99 

4 78 

5 60 

579 

0:^2173 

0 84 

16 60 

65 s 

S 2549 

I 93 

22 86 

580 

Pollux 



686 

OS (App ) 220 

0 4 

41 67 

582 

2 1179 

3 76 

19 75 

702 

S 58 App I (S Ccpliei) 

1937 

40 48 

584 

s 571 

I Cl 

44 97 

713 

S 2959 

831 

13 77 

587 

Tjl Y 120 (15 Hydr<To) 

045 

45 75 

733 

— (85 Pegasi) 

0 67 

1 1440 


The date of the discovery of the new stars is generally that of the first 
measure The reference number in the first column is continued from 
the preceding series of Catalogues of new double stars, which have been 
published as follows — 


Fiist Catalogue 

Nos 1 

to 

81 

Monthly Notices HAS 

Maich 

1873 

Second „ 

„ 82 


106 

3 ? 

33 

May 

1873 

Third „ 

n 107 

J? 

182 

35 

)3 

December 1873 

Pourth „ 

» 183 

? 

229 

33 

33 

June 

00 

M 

Pifth ,, 

„ 230 


300 

»3 

33 

Koyember 1874 
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Sixth Catalogue 
Seventh „ 
Eighth „ 
ISiinth „ 


Nos 301 to 390 Astionomische NaehtoUen, No 2062 
” ” 43 ^ j, „ Ifo 2103 

3’ 437 3j 45^ J'ou) 7 i()(Z of Sczonoo July 1877 

33 4S3 3j 4^^ IS^o^itlbly Notices R A. S December 1877 


The present woik founs the tenth Catalogue of the senes, and extends 
the number of neAv pairs to 733 

Of the 251 stars in this list, 75 pairs are from o"to 1" in distance, and 
59 pairs from i to 2" 

The weather during the period covered by these observations has been 
very unfavouiable much of the time For weeks together there has not 

been a single good night Two evenings each week the instrument has been 
at the seivicc of visitors. 

I have made a few observations in other directions, but they are of 
minor interest, and, with the exception of the two new nebuliB, are not 
included in the results heie given I have intended to give my whole time 
to the more impoitant and extensive field of double-star work, and paiticu- 
aily to that portion of it most woithy of so large a refractor, now best 

known as the instrument Avith which the companion Sinus was discovered 
by Mr Clark ni 1862 

In conclusion, I may add that my work has been wholly a labour of 
love Duiing the business horns of every day I have been otherwise fully 
occupied, and hence my observations have been prosecuted often at the 
expense of rest, sleei), and recreation. I submit the results to the Royal 
Astronomical Society as the first contribution of the great Equatoreal of the 
Dearborn Obscivatoiy 


ChtUKJO, Ootuloi 15 , 1878 
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ABBREVIATIONS USED IN THE NOTES 


Aeg 

denotes 

Aeqelandek 

A 0 

5 ) 

Alyan Olaek 

A a 

0 

Alyan G Claek 


3 > 

Bubnhaim 

Da 

3 ? 

Dawes. 

Di 

33 

Dembowski 

Du 

33 

Duner 

En 

33 

Engelmann 

Elm 

33 

Elammabion 

Gl 

53 

Gledhill 

¥ 

33 

Herschel I 

H 

33 

Hersohel II 

Hd 

33 

Habyard College Obser- 

YATORY 

Hl 

33 

Hall 

Hu 

33 

Holden 

J 

35 

Jacob 


Kn denotes 

Knott 

Ma 

35 

Madler 

Mh 

33 

Mitchel 

Mn 

33 

AnnalenKuniq Steui Mimclien, 

XVll 

He 

33 

Hewcoml 

s 

33 

Struve 

OS 

33 

Otto Struye 

0 s 

33 

Ormond Stone (including naea- 
surcs of H A Howi'i and 
Winslow Upton) 

Se 

33 

Secchi 

Sh 

33 

South and Herschel 

Shp 

33 

Schiaparelli 

Sm 

33 

Smyth 

Wn 

33 

WiNNECKE 

w s 

53 

Wilson and Sbarroice 



1 r. S W Lurniiam, Double Star Observatiom made m 1877-78 
I—Catalogue of 251 New Double Stars 


Cit'ilogue 

483 47348 

484 Aig (51°)9 

485 Arg ( 57 °) 22 

486 Ceti 33 

487 217 

488 L 465 

489 Aifr (^}30) So 

490 13 Coll 

491 5 Aiidiomedcie 

492 1 > A (' 201 

493 Aig f5o°) 137 , 

49 -^ L 1266 

495 -L 1308 

49^5 L 1416 

497 BAC239 

498 L 1459 

499 TCassinpnjo 


KA iSSo Decl 1S80 

h in s Of 

o 2 49 40 n 

O 3 30 SI 22 I 

° 4 30 S8 C 

o 8 19 27 

0 10 18 28 38 


o 17 52 ~4 8 


o 19 40 43 31 

0 29 3 -4 15 

o 32 54 30 12 


o 38 28 54 34 

o 39 4 50 27 

0 40 52 -I 5 ^ 

o 42 25 18 2 

o 45 17 12 8 

o 45 55 60 28 

46 33 9 9 

0 48 50 60 I I 


44 7 

1541 

1584 
H 5 7 

1513 

34 

67 

29 I 
28 7 
2647 
266 I 
347 7 

I 34C7 

3485 

3488 

17SS 

1S77 

<553 

2989 

3007 

2984 

1535 

151 7 
51 X 
51 7 
526 
1663 
1706 
2309 
19 
29 
171 6 
1509 
1553 

1572 

34S7 

3485 


27 06 

193 

2 16 

330 

325 

331 

3 43 
25 ± 

3 43 

3712 

2798 

2786 

2774 

182 
2 01 
oSj. I 
083 
088 
I 42 
I 35 
058 
5 18 
506 
121 20 
09 
250 
256 
52 22 

5233 


75 

118 

8 657 

Oue of a 

80 

120 

8647 


75 

II 8 

8673 


85 

S5 

7 SS 3 


90 

92 

8796 


6 0 

115 

7 775 


6 0 

12 0 

8 701 


8 0 

90 

7731 

A and B 

80 

95 

1 8 775 


12- 

■13 

7731 

B and 0 


80 125 

6 12-X3 

3 125 


Veiy pool 
Biificnlt 


82 

82 

8 701 


75 

75 

8 701 


6 

12-13 

8 701 

8 mag in L and 7 mag m Arg 

7 

*3 

877s 

6 0 

90 

8663 

A and B 

90 

11-12 

7 586 

B and 0 


Two brighter m 175°7 and 198°! 










Mr S W Burnham, Double Star Obsei-'vatiois made %n 1877-78 
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1 No 

star Catalogue 

K A. 18S0 

Decl 1880 

Position 

Angle 

Distance 

Mags 

Epoch 
1870 + 

Notes 



h m s 

0 / 

0 

// 





500 

L 1539 

0 48 51 

30 I 

2917 

I 17 

8 0 

80 

7969 






286 2 

092 

83 

83 

8747 

Unsteady 

501 

L 1958 

I 0 40 - 

- 5 17 

305 

225 

80 

II 0 

8 206 






293 

28s 

80 

12 5 

8773 


502 

W* 0 1077 

I 2 13 

IS 9 

306 6 

358 

8 

II--I2 

7818 






3067 

340 

8 2 

II 5 

8775 


503 

L 2307 

I 10 54 

9 58 

1369 

539 

7-8 

12-13 

7742 






1364 

5 53 

8 

12 

8 627 






1369 

540 

8 

IIS 

8775 


504 

L 2318 

I II 9 

I 13 

2742 

I 27 

80 

115 

7942 






2S04 

154 

75 

12 0 

8775 


505 

6 Ceti 

I iS 2 ■ 

~ 8 48 

60s 

588 

3 


7703 

Excessively faint 

506 

71 Piscium 

I 25 4 

14 44 

153 

0 91 

4 

II 

8675 

Small star Iiliie 





103 

I II 

4-5 

II 

8 733 






130 

I 03 


II 

8775 


S07 

Arg (26°) 264 

I 29 16 

26 10 

1555 

2 28 

75 

10 0 

7 736 

8 6 in Arg 

508 

Arg (26°) 276 

I 32 26 

26 20 

71 I 

I 02 

90 

95 

7725 


509 

L 3170 

I 37 25 

8 58 

98 7 

0 90 

85 

90 

7 742 






88 6 

0 64 

85 

87 

8 733 






931 

0 60 

82 

85 

8775 


510 

TJJV 92 

I 42 4 

IS 43 

3374 

I 59 

8 

12 

8063 

A and B 





3264 

S3 56 

8 


8063 

A and 0 


2 171 

I 42 40 

— 2 I 

160 2 

29 92 

85 

85 

7859 

A and B 





160 I 

29 47 



7 953 






1592 

29 67 

84 

85 1 

8775 






3167 

3 53 

12- 

■13 

7859 

B and 0 





3180 

415 



7 953 






3133 

338 

125 

8775 


512 

Arg (18°) 244 

1 47 12 

18 42 

318 

18 

9 

12-13 

7678 






25 s 

I 42 



7695 






24 s 

148 

9 

13 

8 675 


513 

48 Cassiopeise 

I 52 7 

70 19 

264 9 

125 

5 

7 

8 649 

A and B Very unsteady 





262 8 

0 90 

5 

75 

8660 






26s 5 

098 

5 

8 

8796 






494 

2398 

13 

-14 

8796 

A and C 

514 

1 3698 

I 53 57 

-13 54 

2855 

6 20 

8 

12 

7 69s 


SI5 

L 3707 

I 54 38 

15 59 

2417 

158 

75 

I2~i: 

i 8030 






2449 

144 

8 

12 

8733 


516 

L 3851 

I 59 6 

- I 33 

1040 

I 17 

80 

83 

7 862 






2S60 

0 98 

80 

82 

7 994 


SI7 

Ceti 374 

2 18 54 

. ™ 4 26 

248 4 

10 82 

75 

I2-I ■ 

5 7 994 

L 4476 







Mr. 

S W Burnham, 

]So 

Star Catalogue 

RA 18S0 

Docl rSSo 

518 

Ceti 389 

R m s 
2 23 II 

9 2 

519 

520 

W*!! 367 

L 485S 

2 23 38 
2 30 49 

- 2 48 

- 4 6 

521 

Poisoi 67 

2 34 59 

17 45 

522 

523 

524 

jj - Ariotis 

Aig ( 33 °) 517 

20 Peisu 

2 35 36 

2 41 54 

2 46 9 

19 30 

33 28 

37 51 

525 

526 

P A C 920 
i 3 Perboi 

2 52 0 

3 0 21 

21 8 

40 30 

527 

528 

W* 11 1057 

11 10S6 

3 0 35 

3 2 26 

-13 43 

“•4 3 

529 

L 6006 

389 

- 9 I 

530 

2366/r; 

3 8 17 

22 30 

531 

L 6275 , ’ 

3 17 26 • 

- 8 13 

532 

L 6585 

3 27 25 - 

-10 27 

533 

534 

PAG noi 

L 6741 

3 28 9 

3 33 I " 

31 17 

“ 8 54 
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Position 

Angle 

Pistmce 

Mags 

Ei)och 
1S70 + 

Note- 

1388 

// 

I 27 

6-7 

105 

7882 

B A C 764 

1392 

I 87 

70 

II 0 

7 994 



1373 

I 57 

6-7 

115 

8 030 



237 7 

097 

85 

105 

7 942 



207 7 

0 6 ± 

90 

105 

7 942 

Poor measure 

2147 

0 78 

90 

10$ 

7 994 



1532 

5 80 

65 

II 0 

8 649 

L 4942 


^54 3 

5 92 

6 0 

115 

8 671 



2658 

19 10 

6 

12-13 

8747 



2103 

225 

90 

II 0 

7850 

In field with 2 310 

185 9 

0 25± 



8 096 

A and 

Subpoet(^d elongation 

157 7 

0 39 



8655 

Coit.imlydoubledi&taiK ttooUiiro 

158 6 

0 36 

6 

7 

8 657 

AYell seen 

Bistanie too laigc 

159 7 

0 26 

6 

7 

8 673 



236 I 

14 04 



8 131 

A]> and (j : 

= ^ 3 iS 

105 I 

0 59 

70 

70 

7 717 



1548 

59 37 

B = 

= 13 

7 736 

A and B \ 

1558 

58 21 



8 649 



144 2 

67 S3 

0 = 

13 -f 

7 736 

A and G 


145 2 

67 62 



8 O49 



192 7 

81 99 

B - 

10 

7 736 

A nnd J) 

/ 

1924 

81 86 



8 O49 



114 6 

10 51 


125 

7 73C 

I) and E J 


6 

10 77 



8 649 



60 4 

0 85 

80 

85 

7 829 

Closely 15356 

1938 

I 01 

85 

85 

7 942 

In field with 2; 3158 

201 2 

I 02 

85 

85 

7 994 



220 4 

2 17 

So 

12 0 

7 69S 



2195 

2 62 



8 091 



42 I 

48 93 

> 

7 

7 728 

\ .ind K \ 


41 3 

49 02 



8 0C3 



195 2 

2 II 

10 0 

II 0 

7 72S 

1> <ind 0 j 


197 5 

I 86 



S 063 



62 2 

2 84 

7 

12-13 

7 829 

In ] luib, 6-7 ni 

58 I 

2 02 

65 

12 0 

7 994 



263 4 

358 


12 + 

7 6g8 

A ,ind B \ 


269 3 

2 57 



8 091 

1 


310 I 

So 4 

8 


7 698 

A and C J 


1493 

043 

70 

70 

8 673 

6\ in in B V G 

1950 

258 

7i 

105 

7 Sio 



1975 

205 

7 

105 

7 947 




158 


Mr S W Double Star Ob{>ermtions made %n 


Mo 

star Catalogue 

R A iSSo 

Decl 1S80 

Position 

Angle 

Distance 

Mags 

Epoch. 

1870+ 



11 m s 

0 / 

0 

n 



S 3 S 

Oj 38 Persei 

3 36 47 

31 54 

548 

I 00 


7678 





586 

044 


8030 





55 9 

096 


8 657 





57 9 

093 

4 8 s 

8657 

536 

W-ni 945 

3 39 8 

23 49 

339 3 

047 

85 90 

8657 





3331 

046 

80 100 

867s 





3368 

039 

8s 90 

8733 





3023 

3685 

80 

8 675 





302 6 

36 59 

8 0 

8733 





II 2 

18 17 

12 

8675 

537 

Aig (24°) 563 

3 39 S 3 

24 28 

189 I 

0 64 

84 12 

7717 





182 7 

0 57 

85 9 

8096 

S 3 S 

1634 

3 40 21 

23 44 

1380 

2 27 

10 u 

7 728 

539 

W’ 111 809 

3 43 II 

- I 52 

2704 

279 

90 II0 

7 81S 





2739 

279 


7 953 

54 ° 

Aig (31°) 669 

3 48 21 

31 48 

3238 

I 34 

S II 

8 655 





3282 

I 10 

82 120 

8657 





57 I 

5751 

8 

8 655 





57 3 

56 77 

8s 

8 742 

S 4 I 

W* 111 923 

3 49 53 

~ I 37 

2598 

134 

85 10 s 

7 953 

542 

Anonymous 

3 50 23 

- 7 18 

1984 

I 65 

9 10 

7859 

543 

W‘ in 974 

3 SI 24 

- I 30 

320 

II IS 

85 10 5 

7 S18 

544 

36 Tim 1 

3 57 II 

23 47 

2579 

25 06 

6 12-13 

7S56 

545 

L 7556 

3 59 24 

37 42 

3123 

0 92 

80 II0 

7736 





307 7 

I 10 


7 882 





307 6 

I 16 

80 II 5 

8665 





312 6 

0 92 

So 120 

8671 

546 

W lu 1323 

4 2 49 

41 28 

243 

0 92 

8 8 

8671 

547 

47 Taiui 

4 7 25 

8 58 

3526 



7 678 





363 4 



7818 





362 I 

0 89 

5 8 

8030 





223 I 

32 20 

12-13 

7 994 

548 

L 8027 

4 10 53 

-10 23 

3470 

6 24 

7 11-12 

7 862 

549 

W* IV 45S 

4 23 2 

-12 13 

1893 

771 

8 12-13 

7942 





1887 

8 00 


8 003 

550 

a T luii (Aide! araii] 

1 4 29 2 

16 16 

HI 6 

30 26 


7829 





1033 

30 72 


7 856 





112 I 

30 38 


7 994 





352 

114 66 


7870 





352 

114 34 


7 950 

551 

96 Tami 

4 42 52 

15 42 

572 

3075 


8 091 





205 7 

6 26 


8091 


Motes 


A and B N 

AB and C ' 
OaiidD , 

NocU /3 401 
A and 
A and C / 


Clouded bofoit dislam e 
AS and 0 

I> - 13-14 m 

lii’s conipamon 

A and B j 
B and G J 



Mr S W Bttenham, Double Star Observations made 


in 1877-78 


No 

htar Catalogue 

K A 1880 

Decl 1S80 

Position 

Angle 

552 

Ononis II 

h. m s 

4 45 3 

0 / 

13 27 

0 

360 ± 

553 

0- Ononis 

4 49 38 

1319 

47 3 

SS 4 

€ ilungde 

4 S3 21 

43 39 

481 

275 9 

555 

/3 Ononis 

5 8 47 

— 8 20 

2750 

3179 

1603 

556 

L IOIS9 

S 18 39 

- 2 36 

179 I 
17S9 

I 7 

13 

23S2 

557 

2721 

5 23 16 

3 3 

149 s 

55s 

5 Ononis 

5 25 52 

- 0 23 

1431 

141 8 

226 2 

559 


5 40 36 

0 2 

2286 

226 I 

359 5 

82 I 

560 

1095S 

5 41 37 

29 41 

8S5 

202 5 

201 6 

20S 2 

S6i 

L 10969 

5 41 58 

12 23 

40 

562 

L 11127 

5 47 41 

3^5 55 

110 ± 

563 

L 11156 

S 47 46 

15 29 

1839 

564 

Lam 843 

S 54 59 

~ I 34 

90 * 

565 

L 11741 

6 3 41 

-14 5 

100 4 

$66 

Monoeoiotis 21 

0 S 41 

- 4 32 

2197 

567 

Mono cei Otis 23 

6 9 34 ■ 

~ 4 53 

249 0 

S6S 

Cams Majoiib 33 

6 iS 36 ■ 

-19 43 

251 I 

155 JC 

569 

L X2315 

6 19 3C ■ 

“10 52 

120 7 

570 

II Monoeoiotis 

6 23 0 . 

- ^ 57 

57 3 

571 

W* VI 956 

6 33 2 

13 5 

55 3 

55 ^’ 

3162 

572 

0 ^ Arg 6032 

6 55 44 - 

"20 30 

143 s 

573 : 

L 13642 

6 56 II - 

-10 42 

574 : 

C 13821 

7 I iS j- 

-n 8 

3067 


Distaneo 

Mags 

P poch 
1870+ 


Notes 

It 

0 S ± 

7 10 

7966 



28 35 

5 12 

7856 



28 81 


7S73 



42 88 

4 12 

8 046 

A <intl B 



12 

8 796 



SI 79 

13 

8 796 

A and C 

V(iy iinstcid^ 



8 091 

B and C 

Not much doubt 

031 


SiS3 

Oorfcainly donblo 

0 40 


8 170 



44 53 

12-13 

7 810 

A and I) 


4442 


7S29 



079 

6 i n S 

8 170 



24 32 

0 

0 

s 153 

A and B C \ 

043 

9 5 9 5 

8 153 

B and C 

( 

1 

050 


S 170 


1 

3246 

B ^ 13-14 

7 829 



34 7r 


7 S56 



34 20 


7994 



5280 

20 68 

7 994 

companion 

I 78 

90 II 5 

8 096 

A ind 25 ^ 


I 70 


8 156 



SO 70 

90 90 

8 096 

A «iiid C 1 


51 00 


8 156 

J 


094 

00 

0 

00 

0 

7 8(82 

Booi moasiii 0 

19 70 

7 13 

S093 



03d: 

8 8 

8 047 



742 

78 no 

8063 



I ± 

90 II 0 

7953 

Difficult 


I 02 

8 12 

8211 

71 m in L 

nnd A\ 

M3 

85 12-15 

8 030 

L 11916 


4 12 

7 5 US 

8030 

L 11949 


346 


S15G 



I 35 

70 73 

8 211 



I 84 

« 2 10 5 

7 994 



25 52 

5 I 2 -IJ 

7856 

A and D 


2$ 88 


8030 



25 98 


8 170 



273 

60 12 0 

7 947 

In IT01&, 6-7 in 

503 

70 10 s 

7 S76 



I ± 

8 8 

7856 



I 76 

8 12 

8 0 ].i 

Neai 1026 




i6o 


Mr S W BuRNiiAJt, Doulle Star Ohservations made in 1877-78 


No 

Star Catalogue 

XI A xSSo 

Decl rSSo 

rosition 

Angle 

Distance 

Mags 

Epoch 

1870+ 

Notes 

575 

:s 1057 

h m s 

7 9 21 - 

0 

-15 16 

0 

198 2 

ft 

0 85 

8 8 

8153 

A and B ' 





200 3 

053 


8 214 







2 6 

1595 

98 

8036 

AB and C ^ 






I 7 

15 80 


8153 



576 

L 14117 

7 II 5 

35 23 

143 I 

I 48 

7 13 

8 046 



S 11 

L 14272 

7 14 21 

0 38 

1368 

0 90 

7 5 7 7 

8 211 

A and B ] 

j- AB = 2 1074 




99 

14 54 

13 

8 211 

AB and C ^ 

00 

tr 

L 14545 

7 21 46 ' 

“I7 37 

536 

I 72 

65 II 8 

8197 

In Heis, 6 m 

579 

02 173 uj 

7 26 40 

33 23 

219 I 

0 84 

So II 5 

8236 

A and B j 





232 2 

16 60 

12 0 

S236 

A and C ) 


580 

PollllV 

7 I 

28 19 

2749 

430 

2 13-14 

7 953 

A and B 1 

I 





70 8 

172 I 


8063 

A and C I 






70 8 

17452 


8230 

I 






1234 

I ± 

10 12-13 

8063 

C and c 'r 






1326 

I 40 


8 153 







905 



8230 

A and D 






758 



8230 

A and E. 



L 15743 

7 57 44 

12 38 

1769 

040 

8 8 

8088 

A and B 

1 





1769 

039 


8 227 







1833 

455 

10 5 

8088 

AB and C 

- 





1894 

501 


8 091 


1 





1833 

471 


8 227 


J 

58. 

2 1179 

1 7 58 6 

12 25 

204 8 

X976 

8 i 8 ^ 

8088 

A and B \ 





2043 

19 75 


8 091 

I 






60 7 

387 

12 

8 088 

B and C I 

1 





589 

3 66 


8 091 

J 

1 

583 

15959 

S 3 18 

— 6 21 

685 

I 82 

85 87 

8 099 

A and B 


584 

P viii 124 

8 32 58 

19 58 

292 2 

I 76 

80 120 

8 030 





2899 

I 46 


8068 



585 

Can Cl 1 109 

8 34 20 

20 54 

loi 8 

03 ± 

8 9 

8068 

Poor measuiL 




no 9 

040 

75 90 

8 153 



586 

Monocsrotis 237 

8 41 49 

”16 37 

S3 2 

075 

65 90 

8 153 

L 17355 


587 

15 Hydiae 

8 45 41 

— 6 44 

1581 

0 48 

6 9 

8 156 

A and B " 





161 8 

043 


8 227 







357 4 



8 099 

A and C 






3562 

45 75 


8 186 







54 2 



8 099 

A andD 






52 2 

49 99 


8186 

- 


588 

Hydroe 196 

9 10 30 

I 14 

122 6 

233 

6^ II 0 

8 170 

In Heis, 6-7 m 



1239 

2 42 

6i II0 

8 211 

L 15302 


589 

L 18585 . 

9 20 IS 

7 3 

219 I 

2 30 

7} 12-13 

808S 







1 S W LctnhaMj Double Star Observations made in 1877-78 


Stai Catalogue 


> II}(Ir8e 


Aig 10209 

n;y elite 
onis 150 
lonjmoub 
onis 222 


IV 112 


0 4149 


VniGs Von 

Liii 27 
uns 504 


^ iSSo Ecu ,880 D:.ta..ce 


li m s 

9 21 22 


9 49 16 

10 4 4 
10 16 20 
10 42 ± 
10 43 2 


— 8 42 

- 2 36 

-15 3S 

-II 46 
IS SS 
~ 14 23 ± 
17 47 


g (24O) 2285 10 49 17 

Looms 10 54 32 

Looms II X 50 


II 10 54 - 

II 22 54 - 

II 40 39 
II 42 28 

11 42 56 

12 13 58 

12 19 48 -] 

12 35 2 - 

13 4 II 3 

13 4 28 - 
13 17 28 -2 


1755 

178 2 

35 5 

36 I 

1925 

191 2 

11S4 

' 1434 

146 
2S0 6 
274 I 
464 

47 4 
220 9 
^5 I 
84 0 

7S3 

821 
226 4 
97 3 
97 3 
331 <3 

331 4 
331 5 
226 9 
73 4 
33^5 2 

3392 
31-5 0 
343 3 

1434 

1450 

95 3 
1005 

3123 
317 I 
31S2 

3155 


70 II 5 
6i 12 o 
77 85 

64 12-13 


60 10 5 

90 no 
6] 13 

85 no 

Si 

5 i II 5 


6J 120 

8 


80 

90 

Ss 

n 0 

70 

n 0 


n 0 


13 


13-14 


7 9 


85 no 


Si 105 

7 II 

6 8 105 


8131 
8 211 
8063 

S153 

8 225 
8 227 
8 236 
8244 
8208 
8244 
8 285 
8 208 
8246 
8 236 
8 046 
8 208 
8244 
8285 
8 iS 3 
SiS 3 
820S 

8323 

8 353 

8359 

8323 

8153 

S208 

8211 

8236 

8320 

8153 

8 320 
8285 

8323 

8151 

8244 

8255 

8277 
8 249 

8381 

8323 

8244 


Neir r Looms 


7 m in 0 Aifi 


Faint companion 


L 20827 


-Vand B 
A and C 

A and L 


B and 0 > 
ni I 


Vtiy 1 nut 
Single disUiHc 


Unsteady 
Good L 23250 


A and 3? 

Vuy unoepul 
L 24812 {()] rn) 
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Ml S \\ l>i UMiAM. J)oahle SUo Ohseroationt^ made in 1877-78 


No 1 

hi u Citiloyui 

ilA ibbo 

Dccl 1880 

Position 

Aii{?lo 

Dist inco 

Mags 

I'pocll 

iSjoH 


NuU s 

611 

L 25159 

li m s 

13 31 15 - 

0 / 

7 

0 

2587 

ft 

488 

8s 

12 0 

8 353 

Bound in lookiii" loi JI 2666 




2O0 I 

4 38 



8359 


0.2 

BAG 4559 

13 33 40 

u 21 

572 

o 3 ± 

6 

6 

8 244 

Diffused 





568 

0 26 

6 

6 

8323 

Fust class mccisuu 





54 4 

0 19 



8 438 

Vcij good 

613 

Aig ( 35 °) 2494 

13 46 3 

35 

146 2 

0 78 

90 

90 

8 422 


614 

02 271 )€) 

13 48 I 

10 44 

270 2 

059 

8 

12 0 

8323 





2665 

0 60 

8 

ns 

843S 


OK) 

O-Aif* 14500 

14 17 52 

49 4 

237 I 

235 

85 

95 

8 296 


Oil) 

7 Bool IS 

14 27 15 

3S 50 

988 

26 20 



8 249 

Aboul I2-] 

[3 in 





98 4 

26 t7 



8 252 


O17 

663 

14 42 23 

-23 45 

2195 

59 72 

6] 

8 

8323 

A lud B \ 






219 6 

S 9 i^> 


9 

8362 

1 






337 4 

2 88 


115 

8323 

I) llld 0 j 






335 9 

259 



8 3C2 

A <ind 1 ) 


61S 

t’ Libi.r 

15 s 23 

-19 20 

iro 7 

57 41 



8 320 






no ^ 

57 68 



8 323 







no 5 

57 29 



8 359 







25 7 


10 

10 

8 320 

r> and U 






243 

I 99 



8323 







22 6 

I 98 



8 3C2 







24 6 

I 62 



8383 



619 

Hoiponlis 55 

IS 37 34 

14 3 

35c 0 

0 42 


7 

8 246 

h 28666 



362 8 

073 



8452 

Voiy unsUfUl> 

O20 

IT 4803 

15 3 ^' S 4 

-27 41 

1(56 8 

0S6 

75 

75 

8383 

A and V , 




214 I 

50 25 

90 

8 383 

AB and () 

621 

W** XV 1130 

IS 45 51 

45 7 

75 I 

0 s± 

75 

8 0 

8476 

V( ly ])Ooi 

622 

-JT K(()lpll 

15 SI 36 

-25 46 

1332 

49 82 

6 

12 

8383 






132 I 

50 16 



8419 


O23 

L 29127 

IS 54 51 

- 6 38 

2384 

097 

80 

90 

8452 


02^1 

O' Aij^^ i 55 ^>S 

16 IS 41 

— 22 50 

3230 

I 21 

80 

95 

8438 

Ntai 5 Ophiuchi 




3204 

I 03 

80 

100 

8 507 


625 

03 Hou ulis 

16 19 52 

14 19 

1735 

2 16 

5 

12 

8540 




1759 




8 610 

Too pool ' 

toi tlisl imi 





1766 

I 71 


n 8 

8 627 






1033 

33 60 


II 5 

8540 

V uni 0 





1030 

3400 



8 627 


620 

cp Oplmichi 

16 24 16 

— 16 21 

358 

3283 

4 

12-13 

8323 





360 

32 10 



8507 


627 

52 Here nil H 

16 45 43 

46 12 

3093 

202 

5 

10 

8299 






3095 

I 67 



8337 






Ml S W Double Stai> Oh.se>vations made 


%n 1877-78 




m 

Siai (Mtalo^uc 

HA isso 

Decl 18S0 

}’osition 





AiiL,k 



ii ill 

0 / 

0 





3080 





3103 





309 s 

62S 

W“\\u 359 

^7 13 55 

32 47 

SG 

629 

Ai^ ('3^°)2ScS^ 

17 14 7 

32 II 

349 S 





341 9 

630 

Am (32°) 2891 

17 IS S 3 

32 25 

225 2 





225 7 

631 

OphiiK In 255 

17 33 47 

“ 0 35 

<397 





707 

632 

Oi 5^,6 la 

17 43 32 

34 19 

314 9 





3423 





165 0 





164 8 

^33 

y I)t hoiiis 

17 1.9 

51 50 

1523 





1520 





227 1 





157 

^>34 

67 ()i)]iui( In 

17 5^ 3H 

2 5^3 

179 s 





1430 

1 




120 2 

^>35 

(r°) ? 5 f>S 

17 5^> 40 

J 35 

I 12 9 





H6 2 





122 6 

636 

L ,i2So 

18 2 4 

2 12 

127 





126 2 

637 

W' \v 11 2S 

3 55 

3 7 

1952 

638 

2 2287 H) 

18 4 19 

2 34 

*525 





151 5 





70 





14 8 





97 


Ml 261 

18 ir 40 

--18 40 

1470 





1636 





51S 





516 

640 

Jlni tills 443 

18 r6 3 

27 28 

349 5 

641 

05S97 

18 16 43 

21 27 

3509 

642 

\Tioii)ni()iis 

18 26 50 . 

-10 29 

915 

643 

:i 2342 

i8 29 41 

4 50 

3371 





310 1 


"Diatiiict 

1 Mags 

Bpo< h 
1870-1 

Notes 

u 

2 02 

11 

S395 


I 64 


S 40S 


I 79 


8476 


054 

90 95 

8 411 


096 

82 90 

S39S 


103 

85 90 

8414 


I 60 

85 II 0 

8395 


I 72 

90 10 5 

8414 


035 

70 70 

8512 

WlII bGp<iiated 

0 

CO 

70 70 

8622 

Hepaiateil 

S7 

12-13 

7504 

AB 

546 


8441 



63 103 

7504 

AC = o:S 336 

42 So 


8441 


20 69 

JJ = 13111 

83S1 

V 111(1 1 j 


21 07 


«39S 


1 

47 ^9 

12-13 

83S1 

A and C 

1 

56 68 

12-13 

8381 

A iiid I) , 

1 

45 94 

J> = 12 

SS73 

A. and I> 

) 

51-70 

56 9 

SS73 

A <ind C 

I 

1 

840 

0 13111 

S7S3 

0 «ind I) . 

I 

I 70 

9 10 

7509 

AandB 1 

1 

I 17 


863C 

1 

1 

f 

r* 

68 

J^5 

7509 

\ ukI C) ) 


4 92 

7 12 

8 622 


4 92 

7 12 5 

8636 


7 26 

65 125 

8636 

6111 iM ]Iois and Arg 


90 90 

7 509 

A and B 


22 33 


S622 




C 11 8 

7 509 

B ind C 


I 63 


8 622 



I 79 


8626 



0 76 

7 8 

8 622 

\ and B 

\ 

038 

7 5 7 5 

8 701 



1725 

8 0 

8 622 

AB and C 


1734 


8 701 



2 42 

7-8 120 

8449 

L 33880 

I 01 

75 90 

8449 


4 II 

90 II 0 

8 504 


869 

73 - 12-13 

7531 

1 and J 5 

8 Sc; 


‘^515 

1 



164 


Mr S W BuJiNiiAM, Double Star Ob'^ervations made m 1877-78 


No 

8t u Catalogue 

]IA 1880 

Decl iSSo 

Position 

Angle 



li in s 

0 f 

337 5 

73 

8 2 

644 

L 34468 

IS 30 34 

4 51 

3188 
321 2 


Iloitulib 475 

iS 38 I 

19 21 

3040 

646 

113 TIciLullfe 

18 4Q 41 

22 30 

342 

249 

1592 

647 

Aig (i 3")3 Si 6 

18 50 29 

13 27 

141 

217 0 

b 

B A 0 6480 

iS 52 30 

32 45 

3097 

3154 

649 

Aig (32°)32SS 

18 54 24 

32 19 

125 

132 

650 

L 36518 

19 2$ 6 

6 8 

1420 

3326 

2528 

651 

Arg (27°) 3409 

19 ^5 44 

28 2 

2890 

2915 

653 

2 2539 

19 27 16 

28 I 

3340 

323 8 

1 30 

45 

247 I 

^353 

ij. 

19 28 13 

7 ^ 

2855 

2859 
277 6 
2723 

1944 

65 V 

52, (h^) iSagiltiiin 

19 29 24 

-25 10 

162 5 
162 3 

1575 

655 

22549 

19 29 49 

63 4 

276 7 
289 4 

859 

152 6 

656 

L 3747 S 

19 35 47 

51 32 

262 7 
2540 
258 0 

657 

Tlx 1209 

19 38 SI 

22 21 

1463 
142 s 


Bihtance 

Migs 

Epoch 
1870 4 - 

Notes 

II 

904 


S636 


28 90 

57 85 

7 531 

A and C 

Mags ot 2; 

28 70 


8515 


1736 

7 12 

7 S3I 

Neai tlio preceding 

1737 


8 698 


90 

7 12 

7 534 

Distance uncertain 

35 48 

6 

8 6Si 

A and 35 \ 


40 68 


8681 

A and C 1 


70 

12-13 = 12-13 

7 531 

15 and 0 j 


I 

9 9 

7 520 

A and 35 ] 


20 

9 

7 520 

A and C ) 


059 

60 90 

8 460 


0 62 

60 10 0 

8473 


163 

8 s II 5 

8 460 


I 51 

85 II 8 

8 ^73 


74 

8 

7 520 

A and B ' 

1 

10 HL 


7 520 

A <ind C 

blais 

25 ± 


7520 

A .ind D > 

1 

64 

85 125 

7 529 


636 


8473 



3^=13 

7529 

A and B \ 

47S 


8 473 


5» 

79 9 7 

7529 

A and C = 

= 2539 

560 


8473 




7529 

35 and 0 J 

21 21 


8 622 

A and 35 ^ 


21 i6 


8627 





7509 

A and 0 


2X 42 


I 627 



52± 

13-13 

7509 

15 and C . 


287 

5 II0 

8515 


3 21 

105 

869S 


2 72 

II 0 

8 701 


49 79 

7 7 7 7 

8 476 

A and B 


22 86 


8470 

A and C 


27 63 

C-89 

8476 

B and C 


I 93 

1) = 12-13 

8476 

B and D 


04 


7 570 


0 56 

80 90 

8408 


055 

80 93 

8534 


I ± 

9 lO 

7 520 


0 90 

9 5 II 5 

8777 





Mr 


S. W Bitenham, BoxiUe Stax-' Observations made %n 1877-78. 


No 

Star Catalogue 

B A 1880 

Decl 1880 

00 


Urns 

0 / 

BAG 6762 

19 39 I 

26 50 

659 

Bu 7844 

19 48 48 

6 so 

660 

BAG 6963 

20 9 40 

43 I 

661 

Cygni 166 

20 12 39 

40 0 

662 

Anonymous 

20 14 I 

“I9 59 

663 

L 39260 

20 17 21 

53 13 

664 

Aquilse 264 

20 18 36 

5 7 

665 

7 Gygni . 

20 17 55 

39 52 

666 

(S3°) 2392 

20 19 9 

53 15 

667 

L 39280 

20 19 38 

7 29 

668 

BAG 7080 

20 25 49 

-10 16 

669 

Cygni 

20 26 20 

48 33 

670 

^g (i3'’)443S 

20 27 16 

13 32 

671 

O'^Arg 20741 

20 29 34 

62 3 

672 

71 Aquilaj 

20 32 8 

- 131 

673 

Arg (20'’) 4680 

20 36 28 

20 18 

674 

Yar 9020 

20 37 53 ■ 

-21 19 

675 

51 Cygni 

20 38 31 

49 54 

676 

e Cygm 

20 41 20 

33 31 


Kor, Asteon. Soc. Vol XLIV. 


Position 

Angle 

Distance 

Mags 

Epoch 
1870 + 

0 

2952 

n 

OS 7 

65 

: 10 

8529 

3187 

123 



7509 

3160 

12 32 

61 

125 

8 62s 

31S I 

9 44 

7 

13-14 

8647 

67 s 

1285 

65 

12-13 

839s 

665 

1236 

6 

125 

8647 

300 d: 

I 7 ± 

9 

10 

8 320 

794 

83 

6 

12-13 

7 573 

285 I 

9 66 

7 

12-13 

8 622 

1958 




7 499 

1972 




7666 

1967 

1403 



7709 

1962 

*4043 



839s 

1965 

140 58 



8655 

306 2 


10 

II 

7 499 

3044 

I 39 



S 408 

3048 

I 42 



8647 

I2I 4 

17 

8 k 

II 

7581 

233 2 

9 14 

7 i 

II 

846S 





S 701 

285 

43* 

60 

12 0 

8594 

328 

4 95 



8 622 

25 6 

466 

65 

1*5 

S67S 

3425 

17 26 

5^ 

*3 5 

8 649 

863 

56 28 


10 0 

8 649 j 

55 5 

074 

85 

88 

7 744 

61 I 

077 



7 766 

3348 

05 ± 

80 

10 0 

7 573 

280 6 

30 X4 


*25 

8 622 

281 I 

30 90 


125 

8C98 

29S 2 


77 


7 573 

29S0 

4 10 

70 

iiS 

8 777 

120 ± 

*3 ± 

8 

105 

7509 

1023 

3 



7 5S9 J 

988 

2 78 

6 

12-13 

8 476 

*03 3 

277 


*3 

8647 

1824 

25 39 


12 

8395 A 

3284 

3285 


12 

8395 A 

3230 


B = 

12 0 

7504 

3*9 7 

37 59 



8305 

3200 

3786 



8436 M 


Notes 


Neai 02 382 


Heis 6-7 m 
bag 6986 
Large star reddish 

Distance uncertain 
L 39236 Voiy unequal 
A and 380 ^ 


B and C 


Not soon Good night 


AandB \ 


Mean = 320° 9. 37" 72 (187S i) 


i66 


III S W Donhb Star Ob^ei vufton^ made in 1877-78 


No 

‘^tai ratalogne 

BA 1S80 

Docl i8Sq 



li m s 

0 / 

677 

AV’xx 1372 

20 42 23 

33 SG 

67S 

L 40036 

20 54 20 

- 8 w 

679 

Anonymous 

21 I 25 

43 12 

680 

Aig 153°) 2546 

21 I 53 

53 10 

681 

Eai 9004 

21 7 40 

j 16 27 

682 

L 41222 

21 8 30 

4 12 

683 

L 41683 

21 20 44 

-20 44 

684 

W x\i 517 

21 23 53 

- 5 57 

6S5 

2 Pcp;asi 

21 24 31 

23 7 

686 

0^ (App ) 220 

21 33 44 

55 14 


6S7 

688 

689 

690 


691 

692 


693 


E i;340 
E 5364 

Aqiiaiu 88 

/i Ct pkei 


Aig (17°) 4529 
L 42601 


L 42730 


21 34 54 
21 37 43 

21 38 43 

21 39 50 


21 40 4 

21 44 49 


21 49 54 


694 Lateitc€4 


55 15 
40 30 

2 26 

58 14 


17 12 

31 17 


- 7 33 


21 57 6 43 54 


Position 

Angle 

Distance 

Mags 

Epoch 

1870+ 

0 

3006 

If 

70 12 0 

7496 

301 6 

10 



7 583 

301 6 

9 66 



8 408 

182 3 

2 2 



7 526 

189 s 

245 

So 115 

8 777 

7 t S 

03 ± 



7556 

647 

038 

10 

10 

8647 

131 4 

05 

8 

8h 

7570 

241 s 

2 32 

6s 

10 8 

8537 

2378 

283 

70 

II 5 

8698 

2397 

238 

75 

XI 5 

8 701 

105 6 

564 

75 

12 0 

7 766 

1984 

2 04 


II 

7526 

1339 

I II 

90 

92 

8 622 

334 4 

2991 

si 

13 

7703 

3338 

29 74 

12- 

13 

8395 

1175 

04 



7 589 

II I 


So 

8 0 

7 586 

II 0 

4167 



8647 

1878 

05 ± 



7586 

189 I 

0 89 

8 0 

90 

8647 

2134 

03 



7 553 

2053 

034 



7 720 

211 6 

0 48 

75 

75 

8 408 

206 5 

0 31 

78 

78 

8673 

2352 

I 76 

70 

10 5 

7725 

2454 

I 68 

80 

115 

8678 

243 I 

I 95 



8 701 

260 I 

19 06 

5 

12 

8425 

2595 

1949 

5 

12 

8663 

2994 

41 19 



8425 

3283 

I 16 

90 

II 5 

7 760 

II 2 

246 

75 

II 0 

7703 

105 

251 

75 

II 0 

8 780 

119 2 



II 

7703 

1194 

3689 



8 780 

507 

097 

80 

10 5 

7772 

546 

092 

75 

100 

8633 

570 

091 

80 

10 5 

8701 

3 St 3 

054 

6 0 

' 85 

8660 

3532 

047 

6 c 

. 85 

8673 


Notes 


Distance imLUtaui 
Not in Heis 


In the IilIcI with /3 7 


A and 15 \ 

Ar> and C I 

Neai the last 
Distance too large 


L 42384 


A and B "j 

A and C j 
Difficult 
A and B ^ 

4 and C 


B 4 C 7681 



Ml’ S W IUtunuam, Double Stae OlM^rmtion^ viode 


i6y 


‘ m 1877-78 


Ko 

Sill Catalogue 

B A 1880 

Decl 1880 

Position 

Angle 

Distance 

Mags* 

Epoch 
1870 + 

Notes 



li m s 

0 / 

0 

n 





-- 

695 

Alii (6o'>) 233o 

21 58 33 

60 31 

147 7 

2 70 

So 

12-13 

8425 

Veiy unequ 1] 






1479 

238 

8 0 

12 0 

8 668 



696 

Aii^ (15°) 4557 

21 58 44 

*5 19 

3 SI I 

0 82 

90 

95 

7 717 

Distance too Uige 






3565 

0 48 

So 

85 

8701 



697 

19 CJipliei 

22 I 27 

6r 42 

958 

1975 

6 

12 

8663 



698 

L 4330S 

22 5 SS 

6 18 

337 4 

976 

70 

12 0 

8 706 







337 9 

10 18 

75 

12 0 

8 775 



699 

114 

22 7 45 

7 7 

180 6 

2 07 

8 

12 

7 766 







189 7 

2 ir 

S3 

125 

8775 







191 6 

195 

80 

12 0 

8777 



700 

Aig (48°) 372S 

22 21 35 

49 5 

333 I 

8 i 

8 

12 

7 5S3 







3346 

983 

S5 

120 

8 793 

Unstc idy 


701 

L 43867 

22 22 9 

n 42 

2S0 9 

136 

75 

105 

7703 







2790 

I II 

75 

100 

8775 



702 

5 Ceplu 1 

22 24 43 

57 4S 

2S63 

19 17 


13 

8 649 

A ind E \ 






2Ss 2 

1957 


13 

8663 

1 






191 9 

40‘88 

30 

5 3 

8 649 

A tiiid C j 


703 

a L.iciit.f 

22 26 20 

^^9 40 

2990 

30 14 

4 

12 

7581 







2986 

3018 


12 

8 471 



704 

Aig (66°) 1518 

22 27 0 

66 56 

2073 

23 ± 

9 

II-I 2 

754S 



70 S 

L 44111 

22 28 17 

40 12 

iS 3 o 

^ 5 ± 

70 

125 

8 529 

Vay diiEciiH 


706 

Aig (67°) i^c;o 

22 28 21 

67 41 

iS I 

23 

8 0 

II 8 

7548 

A ind 75 






2535 

285 


10 0 

7548 

A and 0 j 


707 

L 44138 

22 28 46 

43 

46 6 

186 

80 

12 5 

8 476 



708 

(<^ 7 ") 145 ^ 

22 29 52 

67 41 

2886 

8 

9 

II ~12 

7 55S 

Ncai No 700 


709 

Anony nous 

22 ^S 19 

- 3 ro 


199 

S5 

10 s 

7 S07 







ir r 

218 



7 947 







70 

194 

S 5 

90 

8 775 



710 

Aig ( 28 °)/i 439 

22 36 36 

29 s 

231 2 

059 

S 5 

cS6 

SC57 



711 

L.imoiit 3180 

22 39 29 

10 54 

79 9 

0 73 

S5 

10 5 

8594 

27* p i 7 m s( 11 


712 

Aig (t;S°)23i8 

22 40 58 

38 36 

291 6 

102 

90 

95 

7 5Sr 

In a small clusioj 


713 

^ 2959 

22 50 S 3 

- 3 53 

102 2 

1365 

^^5 

103 

7S04 

A and B ) 






ro2 2 

1390 



7 047 

f 






95 9 

S31 

0 - 

12-13 

7 947 

J> and C ) 


714 

v> \ C 808^ 

25 7 57 • 

~ ? 17 

H 5 5 

057 

7 

10 

8 6 36 



715 

Afjnjrti 290 

23 « 23 • 

-II 20 

2559 

307 

7 

12 

7 fi 05 

L 45490 






251 0 

370 

75 

ri 0 

7 760 







257 5 

353 

7 

115 

8 6ro 







259 I 




S 627 

Cloiulc d 






2563 

310 

65 

12 0 

8 775 



716 

Anonymous 

23 9 15 

-() 43 

2084 




7 526 





1 


208 9 

I 70 

9-10 

10-11 

7 69s 




Mr S. \V lUiiMiAM, Doti/ifi'()bsei-v<iii()n‘-< made 'III 1S77-78 
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No 

Stai Catalogue 

li V ihbo 

1)((1 ibSo 

I'ositioa 

\nKl( 

717 

8 Aiidiomoda 

h m s 

25 12 XI 

0 / 

48 22 

0 

162 0 

71S 

64 Pegabi 

23 5 

9 

159 5 

162 8 

S7 4 

719 

W’ xxiii 363 

23 ly 23 

15 2 

854 

H90 

xo 9 

720 

72 Pogasi 

35 28 0 

50 40 

127 2 

721 

W' XXI u 592 

23 3 ‘> 7 

•“ 7 47 

12^ 1. 

1297 

130 S 

1274 

1277 

127 2 

130 4 

722 

Arg (41°) 4 ^^^ 

23 32 33 

41 IJO 

1400 

34 «(. 

723 

!■ 4C375 

23 34 52 

0 IS 

I6S \ 

724 

W* XXI n C91 

23 34 4 <> 

7 iS 

170 6 
167 I 
167 8 

725 

L 46464 

23 3 l> 37 

—12 0 

240 5 

726 

Anonymous 

25 40 i 

- n 2s t 

? 

52t 2 

727 

xxiii 866 

23 41 25 

S 5 

5x^9 

728 

L 46752 

23 3 ^ 5 

42 so 

3 MO 

X 7 MJ 

729 

(P Aig 25124 

25 4y 13 

— iS 26 

X72 ^ 

54 <) 1 

730 

27 Pise nun 

23 32 32 

4 M 

264 <) 

731 

47033 

23 33 27 

- S 2S 

26 s 9 
266 5 
256 5 

732 

W* x\ni 10H6 

23 34 

7 so 

2 S 9 4 

iS^ I 

733 

85 P« gasi 

25 33 52 

26 27 

IS* 2 

IS2 8 

272 ^ 





27X S 
27S0 


lstuiU( 

]Magh 

1’ poch 
1870+ 

Is’ Ot( s 

// 

74 



7589 


7 8() 

5 

12-13 

8471 


7 5 ^^ 


12 5 

8 671 


047 

5 i 

7 i 

8 075 





8 701 

iSucldenly diffused 

0 4S 

0 

9 

8733 


1 II 

80 

XI 0 

7862 


0 S 5 

5 « 

6 0 

8 675 





8 720 

Clouded 


041 

6 

b 

8733 


045 

6 

6 

8 736 





8 755 

Clouded 





8769 

Poor seeing 


04? 

6 

6 

8775 


0 u 

9 

9 

7845 


0 St 



8 610 


7 IS 

6 8 

125 

8 529 

7 oni m Arg 

5 {><) 

7 S 

11 0 

7780 


4 ^2 



7 876 


?76 

7 0 

II 0 

8 622 


HS 

70 

n 8 

8 722 


07s 

90 

9 S 

8733 


410 

70 

11 0 

7 775 


ISI 



7876 


0 91 

HS 

xos 

7856 


8 67 

7 

12 13 

8 622 


8 80 

7 

12 13 

8769 


I 24 

«5 

8S 

77S5 


I 04 

8 2 

8 2 

8 668 


n 42 

8 

12 

7 703 

7 in in Arg 

I -n 

5-6 

10 0 

7942 


I S 2 


11 0 

8 610 


I 29 


Tti 5 

8627 


I (36 

90 

105 

7856 


I t8 

8 5 

90 

8 701 


6 05 

85 

II 0 

7 742 


62s 

85 

10 0 

8 610 


(>05 


II 0 

8 701 


077 

6 

12 5 

8675 

\ and P 


OSO 


12 0 

8733 



0 60 


t 3 

j 8775 

1 ^ 
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RA 1880 

Reel i8'o 

T’osition 

Angle 

Distance 

Mags 

Epoch 
1870 + 

Notes 

li m s 

0 , 

0 

// 






339 

14 06 

6 9 

839s 

A and C 




33 s 

1438 


8471 





33 I 

»4 S 2 


8 625 





33 9 

14 64 


00 
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206 7 
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90 6 
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Notes to the Catalogue of New Double Stars 


No 485 

A 'I'ery difficult pair near ^ Cassiopetce The dupLcity of this star 
ivas suspected at the tune of finding /8 253 with the 9 4-inch of the Dart¬ 
mouth College Observatory Db finds the distance of the latter less than 
o" 4 This IS closer, and probably under o" 3 As stated in the note to 253, 
it is one of a small tiianglc of stars between that pair and ^ Cassiopeia. 


No 486. Ceti 33 

This IS a naked-eye star, 6 m in Aboelaitobii and Heis It is L 158 
No 487. (AandB=Si7.) 

The new star is very minute. No other measures of the wide pair 
since 1830. 


s 

P = 293 

D== 26 33 

1830 0 

d 

28 9 

27 06 

1878 2 

The two measures 

of DC give, 




0 

l> = 265 4 

== 2 04 

1878 2 


No 491 ^ Andromedas 

The small attendant was seen with the 'Washington 26-inch in 1875, 
but no record made of it at the time, and subsequently I was not cpiite 
certain of the identity of the star The three measures give — 

o ** 

P= 299 3 0 = 2786 18784 




Mr S W Double Star Observations made in 171 

No 492 B.A C. 201 

Ihis very unequal pair was lound on tlic occasion rel'ened to m tlio 
note to the preceding pan Fot included in my foimei lists, and no other 


No 493 

The preceding of a small triangle of 9 m stais, 2’“ 59^ p v Ca.su>peias, 
and W y n ^ t- ■> 


No 497 B A C 239 

A. naked-eye star, with a difficult double companion B is Arg (50°) 

^37 


iNo 506 y\ Pi^cvun 

A very line, but excessively difficult pair There is no known pan 
among stnis ol tins magnitude, or blighter, with so close and niiuutc e 
companion 1 found the highest ]lower necessary to show it satisfactorily 
and all the iiieasurGS were made Avitli that eyo-piccc The small star 

ajipearcd deci<ledl\ blue Tlu' following js the mean result of the three 
measures.— 

O t 

l’=I2 9 J) = 102 18787 

No 509 

In a low-power held with S 155, and 5' 6 n 


No 510 (AandO=^?V 92) 

Ihe jirnicqial stai is R,umkek 430 The new star is very minute On 
one or two nights later 1 could not see it well enough to measure I find 

no other measures of the wide pair m the jiresent century Some change is 
probable ” 


¥ 


=322 7 
326 4 


D = 51 27 
53 5 <> 


1783 o 
1878 I 
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No. 5n. (A and B = S 171.) 

The new star is very faint. Relative motion m the wide pair is cleai ly 
shown. The following arc all the measures to this time.— 


0 

21 P=is7 6 D 

n 

= 27 89 

1829-9 

De 1590 

29 12 

18651 

/? 1598 

29 69 

1878 2 

The three observations of BC give :■ 

— 


0 

P = 316-0 D 

ff 

= 369 

1878 2 


No. 512. 

This unequal and difficult pair is in the held with the well-known 
double, y Arietis^ and was connected with that star by South and Hehsciiku. 

o // 

Sh. P = 8s’2 D= 228 76 1B23 9 

ft 84 6 223*3 1877 9 distance 

There is a very minute star about midway between this and y Arietis. 
This double companion is similar to that of Eegulm, but closer and rather 
more difficult. The first measure is uncertain in distance. 


No 513 48 CassiojpeioB. 

All extremely easy pair for a naked-eye star. It is a little strange that, 
it has not been detected before, as a very small aperture will show it It 
has been measured once by Be , whose measure, and a mean of my two 
observations, are as follows:— 

O II 

ft P = 2644 D=i*04 18787 

De. 265*1 I 05 1878 7 Mags. 5 o ,. 7 o. 

The third star, 0 , is excessively faint A larger star, 82°: 45'''. 
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Mr. S W. Burnham, Double Star Observations made in 1877-78 

No 518 Cetiz ^9 

Heis gives this as a naked-eye star, 6-7 m In the B A.C it is 7 m. A 
mean of the three measures gives — 

O jf 

I* = 138 4 D = i 57 18780 


No. 521 Persei 67. 

Heis gives this as a naked-eye star, 6-7 m A fine, and not very 
difficult pair. The following is a mean of my measures - 

O 

P=iS 3 7 D=s86 ’ 18786 


No 524. 20 Persei. (A and C = S 318.) 

The principal star of this well-known pair is a very close and difficult 
pair. My first angle difiers widely from the three later measures, but as the 
elongation was not quite certain, there may not be any change in the 
interval. A mean of the three measures gives — 

o // 

P = i 58 7 D = o34 18787 

This distance is certainly too large. I do not think it can exceed ©"'25, and 
it IS probably less than that, as it was not separated fairly on any occasion 
Struve’s companion seems relatively fixed 


O tr 


P = 239 S 

D = 14 03 

17835 

236 8 

14 08 

1829 I 

238 2 

1399 

1851 8 

236 I 

1404 

1878 I 

No 525 

B.A.C. 920 



Discovered at Washington with the 26-inch in 1875 was sub¬ 
sequently seen very well with the 6-inch. It is 16's of the well-known 
bmary, e Anetis Not very difficult as the stars are of the same maonitude. 
Ror. Astron. Soo. Vol. XLIV. 


AA 
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Mr. S W Burnham, Double Star Ob’iervatiom made m 1877-78. 

No. 526. 0 PerseL 

The celebrated variable star, Algol Sm noted the largest of the com¬ 
panions measured. The others have not been observed before. 


No. 530 Arietis 161 ,5 366 rej 

The duplicity of the companion was suspected by S, but finally 
rejected in Mensurce Micrometncoe. It is described in the early Catalogue, 
“ Class IV. et I. (7), (9), (9) Be Classe I est dubium ” It has never been 
measured before. 


No 535 0, 38 Per 8 e%. 

A difficult and rather unequal pair Magnitude of B somewhat 
uncertain. It has been measured once by Db This observation, and a 
mean of my measures stand as follows’— 

o 

De P = 6 o 5 P = o 96 18778 

/3 $6 8 083 18782 

Most observers will require a larger aperture to deal with this pair It is 
difficult with the large instrument, except under very favourable conditions. 


No. 536. {Pleiades) AC = S 437. 

A very close and difficult pair in the Pleiades, 1“ 13° 2 jp. Alcyone, and 
4' ^2" n. A mean of the three measures of the close pair gives.— 

o ff 

P = 336 4 D = 0 44 18787 

The only measures of the wide pair (^S 437) are — 

o n 

S P= 299 7 D = 34S7 18240 

/3 302 4 36 72 1878 7 


The fourth star, D, is faint, and not heretofore observed. 
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537* {Pleiades ) 

One of the outer stars of the Pletades, and a very difficult pair from the 
great difference in the magnitudes. It has been observed twice by De., and 
the two sets of measures are as follows _ 


Db. P=i94 4 D = o4± 18778 

^ 9 060 18779 • 

The difficulty of the object will account for the difference in the measures 

of the angles. De. calls the magnitudes 8-o and loo My distances are 
probably too large. 


No 538 {Pleiades.) 

Another pair in the Pleiades, but very small stars Place from the 
Washington Catalogue, where it is 30^ 4 /. Alcyone, and 2o"-5 s. 

No 542. 

This star is not in any Star Catalogue I have Place with the micro¬ 
meter from W^ ill 1001 


No 545 L 7556. 

A difficult pair in the field with OS 53^3 8®'ip and 3^ 54'' s The 
mean of the four measures is — 

0 ,, 

P = 3IOO D=I02 18782 

The components arc very unequal 


No. 547. 47 Taun 

An elegant pair, and in distance and magnitudes not unlike 38 Persei. 
It has been measured on three nights by De., and the observations are too 
important not to be given in detail 


P== 357-1 
361 8 
3603 


D = o 89 
085 
073 


1877 74 

1877 83 

1878 13 


\ 













iy6 Mr S W. Btonham, Bovbh Star Observations made m 1877-78. 

Most olDserveis, and certainly ttose less experienced, will find it too 
difficult for an aperture of only i^iches. The mean of the two sets of 
measures is as follows:— 

o ’t 

y3 P = 359 7 D = o89 18778 Mags 5 . 8 

De. 359 7 ° ^^^77 9 5 7 5 

The third star, C, is very faint. 


No. 550 Aldebaran (A and C = ¥ VI 66 — S. 452 — S 2 App. II ) 

The new companion, much nearer than the well-known attendant of 
9 and S, IS Tery minute, and not unlike in appearance and difficulty Ham, s 
outer satellite of Mars The colour and magnitude of the large star make 
the comparison more striking I saw the companion very fandy with the 
aperture contracted to 12 inches. It has been measured on three nights by 
Ht with the 26-inch The following are the mean results 

o f' 

P=io9o D =30 45 18779 

Hi no S 3r 26 1878 o 

The change in the diiection and distance of the old compamon is due 
to the proper motion of the large star, as will be seen from the following;— 


¥ 

P =37 0 

P=87 75 

1782 0 

s 

36 0 

109 08 

1836 0 

De 

34 9 

II2 66 

18634 


35 2 

II3 94 

1877 9 


No 551 96 Taim. (A and B = H 3261 ) 

H’s companion has a mmute attendant about the same distance from A. 
The description in H of A and B is 

P3=5/3 P = 2S± Mags 6 

The third star appears to haim about one-half the light of B 


13 
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Mr S W Burniiaai, Double Star Obsermtmis made m 1877-78 

No 554 s Aurigce 

The distance m the second measure of B came out 49" 93, in which, as 
shown by later measures, there is some error in reading The third star 
very faint. Subsequently a nearer star was detected, 224° 5 29" 31 

(18789) 

No 555 ^ Onoms (A and B = w II 33 = Sh 53 = S 668 ) 

An elongation in the 9 m companion of S and y was suspected as long 
ago as 1871 with the 6-inch refractor, and the attention of observers called 
to it in a communication in the English Mechanic. The star was 
examined subsequently a great many times with the same aperture, and 
although there was always a peculiar appearance about the vertical diameter, 
I could not fully satisfy myself that it was really double In 1876 I 
learned from Mr ITkrbert Sadler that he had suspected the compamon 
to be double independently, and I again tried it under the most favourable 
circumstances with the 6-inch, and with about the same result as before, 
but the appearance of the star was always such as to encourage further 
attempts. The attention of other observers at various points, with larger 
apertures, was solicited, but the results so far as they reached me were either 
negative or unfavourable to the suspected double nature of the small star. 
As early as practicable 111 1877 the i8;^-inch was directed to the solution 
of the difficulty, and the star examined on a great many nights, only three 
of which were sufficiently perfect in definition for micrometrical measures 
The highest power only gave a small elongation, but that appeared to be 
well dehned and certain, and I have no doubt now of the duplicity of this 
star I have spent more time m observmg this star by way of getting at 
this result than any other star in the heavens, although some of the pairs 
in my Catalogues have required attention for a year or more before their 
true character could be positively ascertained. In regard to the measures 
of distance, it should be stated that they more properly represent the 
longer diameter of the star The true central distance is certainly less 
than o" 2 It is the closest, and perhaps most difficult, pair of this class I 
have ever seen I hope during the coming season to obtain a better series 
of measures (^Monthly Notices, June 1878) 





178 Ml S W Tjuuniiam, (/bsei-rnhcm made in iS,'jy~yS 

The fault and distant star, C, -was detected by Mitchel, but has never 
belore been measured He called it 15 m. He gives a diagram of the 
three stars m the Sidereal Messenyer for May 1846. It is apparently 
unchanged 

In the Badchffe Observations (vol. xxii.) a 9-10 m star is measured 
from Riyel as follows:— ^ 

P=: 243 3 D= 37 I 2 

This IS certainly a mistake There is no star of any magnitude in this 
place. The observation probably belongs to some other portion of the 
heavens 

No. 556 L. 10159. 

A hne unequal pair near 15 Ononis, sf. There is something strange 
about the absence of this star from most of the Star Catalogues It is not 
in Bode, B.A.C., Schj , Weisse, Yaenaxl, Etjmkeb, or Lamont The only 
Catalogue I have been able to find it in is Laeande, where it is rated 8 m 
It appeared to me much brighter, and was noted 6 \ m It may prove 
to be variable. On one or two mghts subsequently the small star was seen, 
but was not measurable 

No 557 (A and B = S72i = ¥lV 45 = Sh. 57.) 

The small star of this wide pair found to be a very close and exceedingly 
difficult pair Excellent conditions are necessary to observe it with any 
aperture There is no evidence of change in the distant stars — 

o ff 

S P = i5o8 D = 24 2I 18302 

En 1512 2399 18631 

/3 1498 2432 18781 

No. 558. S Orionis (A and C = S 14 App I = M 10 ) 

An excessively famt companion nearer than that previously known, 
perhaps the famtest of any of the minute attendants to large stars noted in 
this Catalogue. The mean result of the measures is as follows — 

0 ff 

P = 227o D = 33 79 18789 








Mr S W DmMe Star OI)<iprv(if)om made ni 179 

There is no change in the wide pair since the first observations ~ 

o ,/ 

P =359 2 5274 18357 

359 5 5280 18780 


No 559. 

The wide pair, AC, was noted by H and Sm It is in the nebula 
78^ M, very near the Equator, in Onon The only measures are by Sm , 
32 o 45' o (18368), but his observations of stars of this class are so 
uncertain that the evidence of change is too slight to be regarded 


No 56] L 10969 

Observed at first for H 5465, one of H.’s suspected pairs Sub¬ 
sequently the latter (L. 10989) was examined, but no trace of the suspected 
X 2" companion 


No 562. L 11127 

Near 9 Aurigee. Not much doubt of the duplicity of this star, but 

difficult and not well seen In L 7 m , and 7-3 m Arg (See Note on last 
page.) 

No 566 Momcerotts 21. 

In IjALAnde 6 m, and Bode 7 m. My estimate perhaps too low 
No 567 Monoeerotis 23. 

Near the last. In Ealande 6 m , Bode 7 id., and Sciu 8 m 
No 568. Cams Majoris 2 fZ' 

Estimated distance i"; the measured distance may be too large. 

No 570 11 Monoeerotis. 

A fourth star added to the well-known triple, S 919. Mean of three 
measures_ 

0 n 

P = S0r J)== 25 79 


1878*0. 






i8o Mr S W Burnham, Double Star Observations made in 1877-78 

No 573. L. 13642 

Iti L , 6^ m , but not in the other Star Catalogues T failed to make 
any measures of this, hut it has been observed by others as follovrs-— 

O /' 

De P = 246 9 D = o8i 18782 

0 S 244 9 0 8± 1878 2 

No 575. Cams Majoris (A and C = ^ 1057.) 

The large star of S 1057 found to be double Magnitude of 0 from S 
The following are all the measures of the wide pair —• 

o f 

S P=i9 0=1528 18312 

/3 21 15 87 1878 I 

No 579 OS 173 rej 

A and C, with another more distant star, make 02 173 It was 
rejected in the revised edition of 1850 of the Pulkowa Catalogue, as it 
exceeded in distance the limit adopted of 16" In April 1875, when 
examining this pair with the 6-inch, I suspected the principal star was 
double, but failed to verify it later. The measure of C is by single 
distances and probably too small — 

O 

Db P = 233 6 D=i8 24 18697 AC 

347 3 43 12 1867 9 AD 

It IS 1° 15's of Castor. 

No 580. Pollux 

The three distant stars, C, D, and E, have long been known (=2 5 
App II = lyi VI 42 = S 559) The neare<«t of these was found to be a 
moderately close and very unequal pair, and is one of the most difficult 
objects of that class in this list It was better seen during the second 
measure No small aperture will he able to deal with it satisfactorily. 
The small star, B, is much nearer the principal star than any hitherto 



Mr S. W Bdenham, 2 ),nMe Star Obsermuom made in 1877-78 iSi 

measured Only angle distances of this and first measure of C The larger 
of the three distant stars, E, has been measured as follows — 


s 

De 

Fim. 


Fox* C we have 


s 

FtM 


0 

H 


^ = 739 

D = 203 84 

18363 

749 

222 21 

18653 

75 2 

228 9 

18771 

0 

•f 


P= 65 9 

D = 116 7 

17819 

66*4 

1323 

18251 

72 I 

1750 

M 

00 

l-« 


The change is due to the proper motion of the large star 


No. 582 (A and B = S ii 79 ) 

The wide pair is S 1179, to which a minute companion, C, is added 
Ine distance of AB is mcreasmcr 

o 

V 

D = 17 91 1829 7 

1913 18643 

19 75 1878 I 


No. 583 L, 15959. 

Found in looking for the missing pair, ^ II 87, the place of which, 
according to , is 5“ i8‘ /. this, with same declination igi gives only an angle 
of 176°-2; so the two cannot be identical unless there is considerable motion 
in ^gle. It is too close now for his Class II. This pair has been measured 
at Cincinnati and Gallarate as follows:_ 


S P=:20S2 
De 204 6 

204*5 


OS P =; 68 4 D = X 75 
Db 67 5 171 

Koy. Asteon. Soo, Vol. XLIV. 


Mags 90 98 1878 16 

9 5 10 o 1878 26 

B B 


i 82 


Mr S W Burnham, Donhle Star Ohcrvatimv^ made in 1877-78 
No. 584. P VIII. 124 = S. 571 -) 

This IS the principal star of the wide triple in Prcesepe, South 571. 
These stars are relatively fixed. 


A and 0 

s 

P = i57o 

D = 45 03 

1825 I 


Db 

1568 

44 97 

18740 

A and D 

s 

241 0 

92 25 

1825 I 


Db 

241-9 

92 71 

1874 0 


Be. gives the magnitudes of the large stars, 70, 72, and 6*50 respec¬ 
tively. 

No 585 C'awm 109 (= B.A C. 2927) 

A very close and difficult pair m the outskirts of PT<^sepe. The 
second measure was made with a power of 925, and the components well 
seen. In Lauande this star is 7 m , and 8 m in B A.C 


No 587. 15 Hydrce. 

This star, with the two distant companions, C and D, is 1# V 120. 
B gives 340°±:43 "o 3 (17830) for the newer There are no other 
eareM measures Smyth calls the magnitudes 12 and 13 respecUve y. 
The dose pan is an eHceedmgly drflcult object ObserTed twice »t Cm- 

cinnati as follows — ^ 

OS P=i63 5 D = o ^5 187816 

1651 046 187822 


No. 594 Leonis 150 

This IS L. 201II (7 m.) Measured by Be. as follows- 

Df P=i4i8 D = t 55 187833 Mags 6 5 no 


No. 595 - 

About is'n of S 1474 - Not in any Star Catalogue I have 
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599 ‘ 65, Leoms 

A fine and only moderately diffienlt pam. The mean result is:_ 

0 // 

ft P = 824 18782 


No. 600. Crateris 36 (And 


^ IN 20 


on 120 


The principal star of this wide pair has an extremely minute com¬ 
panion ^ Not seen well enough to measure on any subsequent occasion. It 
IS certainly smaUer than 12 m With very good detimtion on April 29 

f f, appears to be some change in the distant 

star ihe foUowmg are all the measures_ 


Sh P= 97 6 D = 67 o 6 
^ 97 3 61 S3 

Heis gives this as a naked-eye star, 6-7 m 


1823 4 
18781 


No. 601 (Aand B= lyt IV. 112 = S. 627 ) 


The smaUer star of this wide pair is double, not very difficult, but too 
unsteady for measurement on the other nights It is difficult to reconcile the 
measures of distance of the wide pair. The following are aU the recorded 


measures — 







0 

P = 148 7 

It 

D = 26 25 

17830 


s 

330 7 

29 96 

1825 2 


ft 

331 6 

28 16 

1878 3 



No. 603. Leonis 472 


A large star sp 

^ Leonis Kn 

gives the angle and distance from 0 Leoms^ 


Kn 

0 

P = 2or 5 

If 

D= 11343 

18644 

InB A C , 64 

m., but not a naked-eye star according to Heis A fine, and not 

difficult pair 
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Mr S W. Burnham, Double Star Observations made in iSijy-yS 

No 605 Corvt 26 (= BAG 4149) 

A comparatively easy pair near ? Corvi. la B A.C , 6^ m., and 6 m in 
Lalandb, but not in Heis. 

os, P=I37°4 D = 09y 187822 Mags 6 o 82 


No. 607 . SCHJrELLERUP4572. 

A pretty little pair in a low-power field with y Virginis, 37 “ almost 
exactly p. In Arg ,92m The mean result is ; 

0 ff 

P P=:3I58 D = ii 6 18782 


No 608. 15 Canes Ven 

15 and 17 Canes make the wide pair, X 24 App I. This appears to be 
relatively fixed, or but little changed. 

o ^ 

2 P = 297 5 0 = 28998 18357 

De 297 3 288 30 1865 2 

The new companion is not at all difficult The two measures give. 


P=284 9 D = 122 18783 


Nd. 612. BAG. 4559 

A very difficult close pair Stars just in contact with eye-piece IV. 
Professor Hall has measured this on two nights with the Washington 
26-inch. The mean results are:— 

0/ 

Hl P= 57 7 D = o28 187843 

fi 56 I o 23 1878 33. 

A few minutes after making the third measure, S 1879 was observed, 
and that pair was certainly double the distance of this. Argelander and 
Heis give this 5 m 
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No. 613 

The p star of a wide pair (84° 3 49" i) 12® 4 / the 6 m. star B.A C. 

4628 


No. 614. OS 271 rej. 

This star was marked “ oblonga ^ ” in the first edition of the Pulkowa 
Catalogue, but rejected as single in the revised edition of 1850 The only 
measures or attempted measures are the following by Ma. :— 

o n 

P = 144 2 D=:02 1^43 3 

130 2 O 22 1849 7 

In April 1876, I examined it with the 6-mch and suspected an 
elongation in the direction of 150°. The large instrument brought out an 
excessively difiicult companion, which probably has nothing to do with the 
preceding observations With a power of 925, which widely separated the 
components, the larger was perfectly round It is L. 25572, and the south 
star of three in a low-power field {Astr. Nach. 2199 ) 

No. 617. 

The wide pair is S 663, and also VI. 117, but there is an error of 
—16' in the declination of ¥. The following are all the measures of 
A and B :— 

0 // 

S P=2i9i 0 = 5669 18253 

2195 59 44 18783 

The principal star is L 26952. 

No 618. Librce. 

The wide pair is ^ VI. 44 and Sh. 376. The small star is itself 
double, somewhat resembling Berevlis. There seems to be change in the 
distance from the primary, but the measures are conflicting:— 

o n 


¥ 

P = H2 5 

D = S9 07 

1-1 

00 

Sh 

III 6 

50 63 

1822 8 

/3 

no 5 

5746 

18783. 


Should distance of Sh. be 58"'63? f 








i86 Mr S W Burnham, J)mble Star Obseivatunis 'iiiadetn 1877-78. 

A mean of my measures of B and C gives — 

O f! 

/3 P=24 3 D = i86 18783 

No. 619. Serpeniis 55. 

A fine close pair. My second distance is certainly too large The real 
distance is probably less than o" 4. 

No 620 (A and 0 = H 4803 ) 

The description in H of the wide pair is:— 

O » 

E P=2I4 8 D = 4o'± 18367 Mags 8 9 

The large star is itself double The direction of C is apparently 
unchanged. 

No 625. 00 Hercuhs. 

A pretty pair, and not dillficult The companion was seen at Denver, 
Colorado, with the 6-inch, which was taken to that point to observe the 
total eclipse of July 29. The observation was made at an altitude of about 
5,200 above the sea, and m a locality remarkable for the purity of its 
atmosphere 

A mean of the measures gives:— 

o // 

^ P~i75 3 D = i9o 18786 



P==309 4 


1878 4 
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187 


No 628 

A ncla neighbourhood for double stars, near 68 Hercuhs This i)au, 
and the two followmg (Nos 629, 630), OS 328 and /3 45, are all m the 
same vicinity 


No 631. Ophiuch 255 L 32200 
\ close equal pair, for which the two measures give_ 

o rr 

/3 P = 70 2 0 = 036 18785 

No 632 Xi. 32600. (A and C = OS 336 ry ) 

A much nearer companion detected than that known heretofore The 
following, which are all the measures of the wide pair, seem to show a small 
diminution m distance*— 

Ma P 164*0 O = 44 '^^ 1^43 3 

De 164 9 43 19 i866*9 

ft 164 9 42-80 1878 4 

The magnitudes of A and C are from Db. 

No 633 7 Dracoms 

All very faint companions There are two more distant and larger 
stars having about the same position angles as C and D Edgecomb saw 

B readily with a 9*4-mch Clark refractor without any intimation m regard 
to the direction 


No 634 0, 67, OpJmchi (AC = y 71. 2 == Su 255 = OS (App) 162 ) 

The nearest star, B, not mentioned by 9, is found m the Munich 
Observations, with measures from C *— 

0 // 



Mu P = 265 I 


0 = 303 


1836 7 







i88 Mr. S \V. lU-HMiAM, Ihithk Stur (Umi'VittloUM in 1877 7S. 

In mcuHuring thw u vt-ry fHhit ntifiuliint t«> tin* t»l«l compunion wn.H 
detected. 'Hk* large Btara, A(’, art* relatively Uxe.l: 


4* 

P as S4>’.| 

H 

143-8 

54 V) ««74 '» 

*450 

54-70 1878-6. 

638. (A and B 2 * 2287 r<j,) 


The only prior measure of the witle, pair i» Ibiuid in the Wawhington 
ObaervatiouH for 1862 :— 

Hj.. P— 150-8 |}«i3J'Ji i« 6.$6 

/} 153-0 ii\u 

The doHe Btiir ia amall atui difflcuU. 


No. 639. L. 33642. (A ami (■ Stt, 264; C ami l> ^ 3tX2.) 

In 1874 I found a very minute star near eatimatetl 3.V’" • 4 ^* 
Looking for thi« on the preaent oecaalon, I noticeil tlm larger Mar of the 
wide pair waa a cloao double. The images were very unsteady and th«f 
meaaureB are very diacordant. The ftrat distance i« eertainly too largt*. I 
could not ace 0 . There apiienra to Iw wane idmnge in the diatanee of the 
wide pair:— 

* m ** 


Bit. 

,Pa-S3-6 

I> ^ 16-43 

1833 s 

lit.. 

51*5 

«4-»l 

1863 7 

O.B. 

S»‘4 

17-49 

18766 

ft 

5«7 

17-30 

1878 6 . 


No. 642. 

Th(> principal atar of the cliiater, H.ft.t', 4420. The larger i« decidedly 
reddiah. 


No. 643. Tnuri Pon, 55. ( A and C »“ X 334a.) 

A nmch lusarer star than that measured by and rather difficult. By 
three measurea -we have *.— 

« r 

d Pa 338-3 l}«i8-84 


iS|^S* J# 
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A slow, apparently rectilinear, movement in B:— 


3 

Db 

Gl 

/S 


o // 


= ri 9 

D = 26 91 

1830 7 

93 

28 13 

18651 

93 

28 62 

1874 8 

73 

28 80 

d 

00 

00 

Ml 


1^0 647, 

The distances, in consequence of the condition of the micrometer at the 
commencement of my work, are only approximate. I have been favoured 
with two measures by De, and the following is the mean:— 

O !/ 

AandB P=ii5 D=ioi 18777 
A and 0 215 8 19 56 1877 7 


No 648. B.A.C 6480. 

This fine pair is a naked-eye star very near y Lym, 6 m. in Heis. The 
difference in the magnitudes of the components, and their distance, make it a 
difiicnlt pair. The mean of the two observations is:— 

o n 

P P = 3i2 5 D = o6i 18785 
No. 649. 

This pair of small stars is 13' s. of 7 Lyres. 

O tf 

P P = 12 8 D =s i’57 

No. 651. 

An unequal pair 19'-5 n. of ^ Cygni. 

No 652. (A and C = ]yi II 99 = S. 718 = S 2539.) 

An excessiveljr minute star, a little nearer than lihe old companion, 
The measures were made with some di£&culj;y. A and C j^re relatively fixed. 
Kot.'Asteon. Soc. Vol. XLIT. c c 


The measures give:— 

18785 


rjl I j'l! I 
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No. 653. [I Aquilce. 

Two very faint companions formmg a pair. The distance of BC is 
uncertain for the reasons already given. 


No. 654. A®, 52 Sagittarii. 

But for its southern declination this would be a very easy pair The 
three measures give:— 

o tt 

/3 P=i6o8 D = 2 93 1878*6 


No. 655 (ABO = ^ 2549.) 

The new star makes, with one of ^’s companions, a difficult pair. The 
relations of the large stars have changed considerably. The following are 
all the measures:— 


o " 


AB 

S 

P= 278-8 

D = 47 48 

1832 2 


Db. 

277-1 

4907 

18635 


/3 

276 7 

49 79 

18785 

AC 

S 

291 3 

21 12 

1832 2 


Db 

289 s 

22 38 

1863 5 


/3 

289 4 

22 86 

1878 5. 

BC 

2 

89 0 

26-88 

1832 2 


Db 

87*1 

27 48 

18635 


i 3 

85 9 

27 63 

18785 


No. 656. L. 37475. 

This close pair has been measured once by De., and the observation, with 
a mean of my measures, is as follows:— 


Mr S W DoMe Star Ohsewations 


made m 1877-78 


No. 665 y Cyg n%. 

A very distant double companion. The results are_ 


A and BO 
B and 0 


P = 196 5 
305 I 


0 = 14044 18780 

141 iSyS’S 


191 


Measure of distance doubtful 

o 

De P = 124 jt 


No 666. 

Itbas been observed by De. as follows 

It 

0 = 200 18778 Mags 90.. 120 


JN0.668 BAG 7080 

of .ie th.ee 


/3 


P = 


290 0=464 


18786 


No. 669. <0® Cygm 
Ihe nearest companion is very faint, 


XNO. 070. 

About 50 p this IS H. 1527, a 3" pair of 10 m. stars. The new double 
« the southern star of a wide pair. It hae been nteaaured once byX t- 


/3 

Da 


P = S83 
53 5 


D=o76 187775 

o 63 1877 83, 


No. 671. 

•‘'“**0“ meaetaredbyDj., and 

the two observations standy , ana 


y 3 

Da. 


P = 334-8 
335-9 


If 

O = o’s-t 

047 


1877-6 

*877 9 Mags* 8-0.. 8's. 
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. No 673 

The n. star of a mde pair. The other is Arg. (20°) 4682, 1^4/ and 1' 6 s. 

No 675. 51 Cygm. 

The close star, B, is exceedingly minute, and under ordinary circum¬ 
stances rather difficult. The measures gii e.- 

o 

jj P=iois 0 = 278 18782 

C and D are brighter, and readily seen. 

No. 679 

Without doubt this is the most minute close pair known, and is worth 
notmg as a curiosity in double stars, if for no other reason It is too small 
to be found even in Argelaeder The place was determined from Arg. 
(43“) 3802 an 8 8 m star in a low-power field, sp The magnitude of the 
Luble would be perhaps more nearly 11 than 10. It is near | Cygni 


No 680 

One of a wide pair of equal stars, the other about 25' distant in 34 5. 
De has measured the close pair twice, the mean result of which is: 

o " 

Db P=i29 5 D = o63 18777 


No 681 Rumker 9004 
The three measures result as follows-— 

o " 

B P= 239 7 D=2Si 18787. 


No. 686 (A and B = 0 :S (App.) 220.) 

The close pair has been measured twice by Db., from which it would 
seem my angle is decidely too small, possibly an error of 10°:- 

o 

p = 127 9 
117 5 


De 


0 = 038 
04 


1877 7 Mags 7 7 . . 8 o 
1877 6, 
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No 688. R. 5364 

A close pair sf. yy Cygm. Tlie mean of four measures is _ 

0 n 

/3 P= 209 2 0 = 038 18781 

No 689 Aquarii 88 
The mean of three measures gives — 

o n 

^13 P = 240 s D = I 80 1878 o 

No. 690 [A. Cephei. 

The celebrated “garnet star” of H, variable from 4 to 6 m in five 
or SIX years. It is No 253 of Sciijeleerup’s Catalogue of Red Stars. There 
IS another star m the direction of 190° 8 They are all faint objects The 
two measures of AB give •— 

o ,, 

p P = 2S9 8 0=1927 18785. 


No 693. L. 42730. 

For the mean of three observations we have:_ 

o ft 

P P = S 4 i D = o93 18784 

No. 694. Lacertce 4. 

A fine close pair, and moderately difficult. The two measures give: 

® ff 

^ P = 352 3 0 = 050 18787 

In B.A.C. 6 m., and Arg. 6-5 m. 


iNo. 090. 


✓ 

The s. star of a small triangle. De. has measured twice, reversing the 
angle:— ® 


: 175 2 
3538 


Ob. 

P 


0 = 050 
065 


1877 8 Mags 8'o . 80 

i 878'2. 
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No. 699 

In the vicinity of X 2878. The three measures give:— 

o n 

/3 P=i87 3 D = 2 04 18784 


No 700 

In the field with 02 (App ) 234, 27^. and is. De has the following 
measure.— 

Of/ H 

De. P = 332 4 D = io33 18787 


No 701 L. 43867 


This difS.cult pair has been measured twice by De The mean results 
are as follows:— 


Di. 

/3 


P = 2834 
280 o 


D = I 24 
I 24 


1877 8 Mags 70 go 

1878 2 75 10 o 


No. 702. 8 Cephei (AC = 2 58 App. I. = V. 4 = Sh. ^47 

= 02 (App ) 235 ) 

A faint star nearer than the old companion. The measures give _ 

o ,t 

(3 P= 285 7 D = i9 37 18786 

The large stars appear to have a common proper motion, as their 
relations are unchanged. 

o II 

s P = I92 0 D=4 o87 i83S-i 

/3 1919 4088 1878-6 

No. 709. 

Near 2 2938 Not m any Star Catalogue I have, and place found 
with micrometer from L. 444b i • The three measures give:— 

® n 

/3 P = 89 D = 2 04 18782. 
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No 710 

A difficult pair of small stars, 30' 3 s of 73 Pegast, and 26^ /. 


This has been measured once by De .■ 

o 

P 


d 

Dd 


= 291 6 
2904 


D = I 02 
I 14 


1877 6 
1877 7 


90 95 

9*7 • 10 2 


713 (A and B == § 2959 ) 

i. 7 measure There 

.1 decided change in the wide pair, as will be seen from the followina:_ 


E 

Ma 

Dk 

/5 


p = 967 

D = 15 66 

18321 

••-a- 

00 

14 88 

*843 6 

loi 7 

14 21 

1864*8 

X 02 2 

13-77 

1878 8. 

No. 7x5. 

Agmm 290. 



JJ-- yjK/aKHi. VUU UJ 

my four measures are given below; 


0. S 
d 


P = 258 o 
256 0 


D = 3-47 

3 35 


1877*8 

1878*3. 


No 716. 

App.n'r"?r-d6"'^ ■” ** -th.^.A^«an.■(S r. 


No. 717. 8 AndromedcB. 

’* “* “■ diffioalt object under good 

uitions. The mean result is:_ ^ 


con- 


d 


p=1614 


D = 7 6r 


1878 2. 
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No. 718. SiS^Pegasz 

A fine close pair, and difSicult from tlie considerable inequality in the 
magnitudes of the stars. It is rather more troublesome to observe than 
72 Fegasi The mean of three measures gives:— 

O t 

/3 P = 86 9 D = 0 46 1878 7 


No 720. 72 Pegasi 

A close pair of equal stars, discovered a few minutes after the preceding 
It is widely separated with the higher powers The seven measures give as 
a mean:— 

O ff 

(i P=i27 7 D = o4o 18787 


No. 723 L 46375 

The following is the mean of four observations:— 

o ff 

/3 P=i68 5 D = 3 78 18782. 

No. 725. L. 46464. 

Measured once by 0 . S 

o if 

/3 P= 237 3 D=43o 18778 

0 S. 245-3 4 46 1877 8- 

No. 726. 

Not m any Star Catalogue I have. It is about 50^ s. of the naked-eye 
star, B.A.C 8266 


No. 730. 27 Piscium. 

This IS quite an easy pair. The three measures give:_ 

o ff 

P P = 265 8 D = 1-42 1878 4. 
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No 732 


97 


The north star of a wide pair_ 

o // 

/3 p =: 1^2 4 B = 6 10 


18783 


No 733 85 Pegasi. 

narnif the large proper motion and sensible 

\ -n 7° ^7 ^ star. The latter has been investigated by Bednnow 

{Dunsink Ohservatiom, 1873) by micrometrical measures of A and C from 
which he finds the parallax to be o"o54. It is not found in any ioiible 
bta Catalogue This is partly accounted for by the fact that at the time 
of he observations of H and S the distance between A and C was too larc^e 
to bring them within the limits usually adopted. ° 

Flm has given this system special attention, and it was at his request 
that the series of measures here given was commenced. The wide pair was 
0 served three times before the close star was detected, although on each 

rXTJrt T1 any nw member which 

m^ht exist. These nights, however, were not sufficiently favourable for so 

difficult an object as the new star. The last night on which C was 

measured was unusually fine A short time before on the same evening 64 

and ye had been discovered, and a httle later , Pisaul.l 

B.A C not were added to this list, aU of them being difficult objects of the 

fbfamrr' 

ned It has been measured since on every available night, but 
opportunities have been rare when it could be satisfactorily seen. The mean 
result of the three measures thus far made is:—. 




P = 274*0 


B = o 67 


18787, 


It is evident that an examination a few months hence, even without 

appimeSro eltefsZ 
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sheets of a most valuable and interesting work by Elm , “ Catalogue des 
fitoiles Doubles et Multiples en mouvement relatif certain,” now in the 
press. The angle and distance by Abgelandbr are deduced from differences 
of R A and Decl •— 


O ff 


Arg 

p= 105 0 

D = 3oo 185500 

Brtjnnow 

770 

16 00 1870 00 

Flm 

498 

14 0 1877 94 

/3 

336 

14 40 1878 54 

The minimum distance was reached 

in 1877, about the time of the 


observation by TnM , and tbe stars are now gradually separating Flm gives 
the proper motion of A as follows:— 

8 " 

3 A. +0064 Dec! —097 

Beunnow thinks C has also a small motion m space. 


New Nebulce. 

The places given 111 the Catalogue are those of the stars from which 
the nebulce are measured The first is in the field with a 7 m^ star, L. 6634 
(6 m in L ) The other is stdl nearer the naked-eye star B.A C 4396. 
They are not very faint. The measures indicate the distance and direction 
from the respective stars. They are not found in Hbeschel’s General 
Catalogue, nor in the supplementary Catalogue by Dr Deettee. 
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II —Micrometncal Measures of 500 Double Stars 


No 

Double Star 

I 

23063 

2 

H 1939 

3 

Hd I 

4 

:S 14 

5 

215 

6 

OS 4 


^ 392 

8 

H 1951 

9 

H 1953 

10 

Schj I 

II 

S 3 S 

12 

Be 2 

13 

H 1993 

14 

S49 

15 

S 18 

16 

^ 231 

17 

Hd 8 

i8 

S68 

19 

S67 

20 

Ild 10 

21 

11 1057 

22 

23 

24 , 

S76 

H 1064 

0 396 


star Catalogue 

R A 1880 

Decl 

1880 

Po'^itioi 

Angle 

^ DI‘?tanoe 

Mags 

Epoch 

1870+ 

Noto$. 

xxiii 1234 

li m s 

0 / 

0 

// 




— 

— 

0 I 28 

- 5 13 

221 8 

I 71 

83 

10 2 

7829 






224 8 

I 92 

. 


7942 



W‘o 57 

0 3 41 

10 45 

1591 

36 08 

7 

10 

7807 



056 

717 

119 6 

12 80 

75 

17 

7829 

BijSicult 


0 134 

0 9 42 

-12 39 

2362 

14 50 

83 

II 0 

7942 






2364 

X427 



7953 




° 9 43 

- 6 16 

1972 

4 61 

75 

10 0 

7942 



. L 220 

0 10 26 

35 49 

1553 

056 

75 

78 

8 657 



B A C 46 

0 10 31 

60 52 

694 

I9‘43 

6 0 

12 0 

8671 



0 189 

1 Ceti 

0 12 41 

-ii 37 

216 6 

24 09 

8-9 

IS 

7947 

H 2 is °. 

1. i6"± 

01319 

- 9 30 

i6 s 

61 89 

4 

X2 

7942 

H 14° 2 

45" ± 


0 20 45 

— 6 II 

278 

25 00 

87 

95 

7 862 

No other 

measnros 

W* 0 459 

0 25 27 

-- 2 43 

26C6 

862 

94 

96 

7 947 



0 28 22 

- 5 12 

241 8 

089 

69 

77 

7818 

A and B 


a Cassiopeij© 

0 33 42 

55 S3 

no 7 

39 94 



7573 

A and B 





X06 7 

40 20 

B » 13-14 

8 647 






280 0 

62 25 



7 573 

A and C 





2798 

62 5x 

5-6 

14 

8 647 




0 34 42 

- 7 53 

3208 

55S 

65 

100 

7 862 



L inS . 



3208 

5 78 



7876 



0 36 It 

3 3* 

n6 I 

139 

73 

90 

7 947 



0 Cassiopeisp 

0 38 2 

47 38 

1 3037 

32 16 

1 5i 

» 12 

8471 

Be 30309 

32 " 8i 

W*o 715 

0 42 28 

— 2 25 

3S I 

685 

8 . 

II 

7876 

(1876 5) 

Mags 90 100 

T 

0 45 46 

- 8 49 

2960 

758 

80 

100 

7870 

No change 

Ij 1432 

W>o 802 
^ Andromeda^ 

0 45 52 

9 57 

108 

152 

83. 

90 

7 953 

Probably lixod 

0 47 17 

0 50 6 

2 39 

37 51 

^323 

3166 

1 09 

3651 

9 

B» 

f 

13-14 

7 862 
8529 

Mags 9 1 
A and B ' 

9 + 




3140 

3805 

12 

8742 






3126 

37 25 

13 

8747 






X16 7 

39 26 

4 

16 

8529 

A and 0 1 





1170 

38 09 



8742 






X17 I 

37 55 



8747 

1 


• 

0 so 19 

10 I 

200 X 

284 

88 

115 

7 953 


39 Andromedse 

BA,0 282 

0 56 10 

40 42 

09 

6 


8638 : 

Olotided before distance 

0 56 13 

60 26 

66 6 

I "fc 

6 

10 5 

8660 ( 

Olouded befoie distnace 




69 j 

114 

65 : 

ri 0 j 

8796 1 

CTnsteady 
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No 

Double Star 

Star Catalogue 

E A 1880 

DgcI 

1880 

POPltlOll 

Angle 

Distance 

Mags 

Epocli 

1S70+ 

Notes 

25 

H 1068 

72 Piscram 

Ii m s 

0 58 44 

0 / 

14 18 

0 

263 1 

// 

5481 

5-6 

18 

7818 


26 

03515 

^ Ajidiomedse 

I 2 32 

46 36 

2730 

02 

5 

67 

7739 


27 

^ 23s 

L 2042 

I 3 27 

50 22 

769 

084 

78 

78 

8647 

A and a 






766 

850 

9 

120 

8647 

B and b 






472 

813 

9 

11 0 

8647 

C and c 

28 

^ 95 

- 

I 4 24 

- s 36 

3096 

14 18 

85 

97 

7859 


29 

! 0528 

E 378 

I 8 13 

80 16 

3140 

085 

68 

8 2 

8660 


30 

IJ 1076 

Wi iiS 

I 9 so 

13 6 

1630 

14 16 

9 

17 

7859 

A and B ) 






258 2 

41 I 


14 

7859 

A and 0 J 

31 


Polaris 

I 13 45 

00 

00 





8 151 


32 

11 637 

W* 1 237 

I 16 28 

— 4 26 

168 3 

25 92 

7-8 

IS 

7845 

No measures m H 
delicate ” 

33 

-84 

W* 1 236 

1 16 34 

10 44 

81 0 

037 

7 

75 

7717 

No other measures 

34 

H 1079 

44 Cell 

I 18 0 

- 8 38 

299 6 

7640 

6 

12 

7 862 

H. 300® 5 

35 

o:S 30 

L 2561 

I 18 54 

30 55 

2389 

455 

73 

117 

773S 

B and C 

36 

2 132 


I 25 35 

16 20 

3546 

33 86 

70 

100 

8 014 


37 

05 32 

E 467 

I 30 49 

84 37 

1337 

879 

7-8 

12 

8660 







1342 

9 06 



8 668 


38 

5 145 

P I I4S 

134 36 

25 8 

319 

II38 

60 

106 

7725 







32 2 

1155 



8711 


39 

2 196 

P I 122 

I 52 55 

20 26 

518 

2 62 

85 

11 0 

7666 







52 1 

236 



7856 


40 

S 201 

€ Tnanguli 

I 55 58 

32 42 

116 8 

4 10 

S 3 


7 810 


41 

02 ^8 

7 Andromedae 

I 56 32 

41 4S 

102 7 

048 

50 

6 2 

8655 

B and C 






loi 5 

039 



8 657 


42 

lil V 102 

61 Ceti 

I 57 39 

- 0 55 

1933 

4271 

7 

11 

7 862 

A and B \ 






3263 

804 



7862 

AandC J 

43 

2 223 

O^Arg 2486 

269 

80 10 

507 

0 78 

80 

104 

8660 


44 

2 242 rq; 

Ceti 346 

2 10 20 

-10 23 

228 5 

5054 

6-7 

10 

7 939 

Mags 70 90 

45 

^437 

L 4291 

2 12 26 

3 39 

33 4 

708 

8 

12-13 

7942 







31 5 

724 



7 953 


46 

y VI I 

0 Ceti 

2 13 17 

- 3 31 

915 ' 

7411 

2-7 

13 

7818 

A and B ) 






82 8 

11562 

10 

7818 

A and C ) 

47 

2 290 


2 33 ^3 

“ 2 25 

220 6 

1025 

81 

10 1 

7 698 

l^ixed 

48 

5 295 

84 Ceti 

2 35 4 

~ I 12 

3243 

4 73 

60 

92 

7 953 


49 

5 293 


2 35 31 

56 33 

75 3 

830 

85 

117 

8647 


50 

2 303 


2 38 3S 

- 2 28 

181 9 

587 

85 

95 

7859 


51 

$ 307 

p 5133 

2 40 29 

29II 

3154 

1491 

7 

115 

7725 


52 

Ward 

7 } Persei 

2 41 56 

55 24 

268 3 

O703 

4 

10 

8 151 

A and C, AB » 2 307 






116 0 

506 

10 

12 

8151 

CandB 






1123 

529 

95 

12 

8776 

Unsteady 





Mr. S. W Buenham, Double Star Ohservatiom made m 1877-78 
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No 

Double Star 

Stai Catalog! 

S 3 

; 5 310 


54 

. OS 46 

L 5205 . 

55 


T Persei 

56 

2330 

Cell 478 

57 

2332 

■will 878 

S8 

2333 

e Arietis 

59 

235s 


60 

2 356 


61 

2358 

11 1091 

62 

400 

111 50 

63 

ir 663 

94 Coti 

64 


r‘ Endam 

65 

S 406 


66 

2430 

Tauii 39 , 

67 

2431 

40 Poisei 

68 

02 61 rej 

L 6847 

69 

2449 


70 

2453 

Atlas Ploiadum 

71 

II 338 

30 Eridjuu 

72 

347s 


73 

ir 3608 

y Eriduni 

74 

03531 

bag 1264 

75 

2497 


7<5 

3499 


77 

02 73 

M Pors( i 

78 

03 77 

L 7899 

79 : 

?Si8 

40 Endam 


EA 1880 

Decl 

1880 

PoSltlO] 

Angle 

^ Distance 

Mags 

h ni s 

0 / 

0 

n 



2 42 7 

33 26 

87 6 

2 62 

77 

10 9 

2 42 45 

30 2 

1675 

20 66 

7 

19 

2 45 45 

52 16 

106 0 

SO 08 

5 

12 



106 8 

SI 27 


12 



75 3 

4 ± 


13 

2 51 3 

- I 3 

191 I 

9 02 

75 

95 



1919 

8 36 



2 51 41 

~ 0 4 

527 

1252 

Ss 

85 



541 

1252 



2 $2 21 

20 52 

1976 

I S6 

57 

6 0 

3 0 54 

7 56 

1478 

2 64 

87 

95 

3 I 0 

-13 47 

133 

15 59 

77 

108 

3 2 44 

- 4 9 

3503 

14 39 

85 

113 

3 518 

— 4 16 

532 

21 69 

7 

II 5 

3 6 37 

- I 39 

2509 

5 73 

5 

19 

3 14 12 

— 22 12 

99 3 

39 97 


11 

3 24 28 

4 45 

1242 

965 

70 

90 

3 34 8 

4 44 

554 

2643 

6 0 

90 



301 0 

37 74 


98 

3 34 46 

33 35 

2380 

1998 

42 

95 

3 36 18 

7 31 

1278 

187 

72 

100 

3 40 17 

24 17 

3301 

705 

85 

II 0 



3315 

683 



3 42 I 

23 41 





3 46 47 

- 5 43 

1353 

834 

5 

17 

3 52 3 

— 7 28 

22 5 

7 34 

82 

10 6 

3 52 24 

-13 51 

2380 

510 

3 i 

13 



2385 

5179 

, 




238 6 

52 07 



3 59 34 

37 4<5 

1387 

263 

67 

89 



1384 

257 



423 

8 8 

2352 

14 16 

85 

107 

4 2 32 

23 45 

285 6 


92 

93 



281 I 

29 92 

II 2 

465 

4S 6 

3486 

14 88 

4-5 

12 

4 8 17 

31 24 

2444 

037 

78 

78 



345 4 

0 54 

, 




254 5 

0 40 

. 




2530 

046 



4 9 52 - 

■ 7 47 

1290 

364 

ro 

ri 



1293 

405 




Epoch 

1870+ 


7870 

7 725 

8 151 
8 780 
8 151 
7 862 
7 939 
7859 
7 931 
7725 
7 939 
7829 

7 947 
7 947 
7698 
7 Sio 
7 939 
8030 
8030 
7882 

7942 

7870 

8096 

8657 

7966 

7862 

7'698 

7942 

8 003 

8655 

8 671 

7 939 
8093 

8 093 
8 151 
8030 
8 655 


Notes 


A and C 
A and B 

A and 0 


No cliango 


A and C 
No change 
A and B ) 
A and C ) 
Pixocl 


Single 


Single distance 
B 12-13 

II 233°6 ■ 45"± 


Hazy 

A and B ] Too pooi for 
ABandC ) ^’Stance 

B » 12-13 ^ 


B and C 
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Mr. S. W Burnham, Double Star Olservatim^i made %n 1877-78 


Ko 

Double Star 

star Catalogue 

B A 1880 

Decl 

1880 

Position 

Angle 

Distance 

Mags 

Epoc h 
1870+ 

Notes 




h m s 

0 / 

0 

// 



7818 








126 8 

408 










126 5 

3 94 



7829 








1298 

383 



7942 








1292 

398 



7 9 S 3 

, 







127 I 




7 966 

Cloudod 






1460 

38 01 



7701 

A and d 







1455 

36 87 



7818 








14 S 4 

3643 



7829 



80 

402 

W' w 318 

417 3 

~ I 33 

740 

694 

85 

105 

7947 



81 

H 349 

IV 327 

41718 

~ 5 17 

234 s 

1733 

9 

10 

7 9 S 3 

A and B j 

Mags 7 5,9 0 , 
and 12-13 » 
naeasiiiesbyH 






843 

28 73 

8s 

17 

7 953 

A find C J 

82 

2547 

IV 3S3 

419 48 

— I 40 

87 

24s 

115 

7947 








108 

247 



7 9 S 3 








10 0 

2 01 



8063 



83 

2 554 

80 Taun 

4 2317 

IS 23 

70 

0 60 

6S 

90 

8030 



84 

2571 


4 30 3 

~ 3 51 

258 2 

1730 

63 

II 0 

8003 



8s 

2596 


4 4015 

— 12 10 

287 2 

1095 

8 0 

102 

7942 








287 s 

10 56 



8-003 



86 

2 609 

• 

4 43 40 

0 S 9 

747 

2 84 

8s 

87 

8093 

Very unsteady 






765 

257 



8 096 



87 

2 607 


4 45 47 

25 14 

2506 

14 34 

90 

108 

7870 








2497 

1405 



7947 

Mags 90 

II 0. 






2505 

1397 



8 099 



88 

II 3700 

0 ^ Arg 3467 

4 48 I 

-20 58 

3478 

26 20 

7 

14 

7942 

n 34 S '3 

20"d: 

89 

02 92 

5 Auiigge 

4 52 3 

39 13 

2474 

2 78 

57 

98 

8 041 



90 

2639 


4 58 0 

— 32 

79 3 

5 35 

82 

90 

8003 

Pxobably fixed 

91 

02 too 

WW 15 

5 3 28 

8 2 

248 8 

380 

70 

10 2 

8093 



92 

02517 

L 9802 . 

s 714 

I 50 

1376 

6 20 

62 

13 

8093 

AB and C 


93 

lil VI 30 

a Aungse 

5 7 49 

45 53 

1832 

126 2 



8036 

AandB \ 

Single distances 






146 2 

158 6 



8036 

AandC J 

Bw 12-13 ™ 

94 

02 103 

16 Aungae 

S 10 17 

33 14 

54 3 

396 

50 

10 7 

8 655 



95 

i8 188 

T Ononis 

5 II 47 

6 58 

62 I 




7 810 

Band^ 







49 5 

3 S 3 



7829 








521 

449 

• 


7947 








503 

413 



8 iS 3 








2491 

36 20 

4 

14 

7 947 

A and B 







600 

3609 


12 

7 947 

A and C 


96 

iS 190 

Ononis 82 

5 14 38 

- 8 9 

29 

050 



8 091 

A and B 

"Well separated 

97 

Ma I 


S IS 32 

- 6 57 

1595 

301 

9 

95 

7 862 

A and B 

1 






1377 

346 



7 862 

A and 0 

J 

98 

2693 


S IS 37 

— 2 10 

125 

387 

87 

90 

7942 





Mr. S W Burnham, Double Star Observations made tii 1877-78 


Double Star 


Star Catalogue 


BA 1880 


99 o:§ 107 

100 H 365 


loi /3320 


102 :s 728 

103 II 3766 

104 3 748 


105 & 90 

106 $ 321 


107 782 

108 $ 192 

109 If 3279 

no 0X119 

ni ^6405 
n2 )8 4 o6 
1^3 y V 90 
114 Be 10 

ns /3 95 

I 116 


115 Tauri 
114 Tauri 


0 Lepor: 


32 Ononis 
a Leporifa 
0 Orioms 


26 Auriga} 
Loporis 45 


W* r 908 
T Aiirigix? 

133 Tauri 

10974 - 

W* V 104S 
W* V 1068 
V Aurigso 
Arg (29'’) 1027 

a Onouis . 


li in s 
5 20 10 

5 20 26 


17 52 3084 
21 50 3469 


S 23 6 -20 51 


5 24 22 
5 27 25 
5 29 23 


5 30 S <5 

5 33 59 


30 2$ 
-^7 55 


5 36 47 

S 40 52 

S 40 54 

5 41 24 

5 42 22 
5 43 I 
5 43 10 
5 45 6 
5 46 8 
5 48 40 


7 20 2982 
.. 348 2 


60 no 
5-6 17 

- 17 

17 

30 no 


52 67 

3 i“ 12 


70 85 

90 10 5 


85 no 
90 12 o 

85 n^s 

80 120 

B ca 12-13 


7870 
7 870 
7870 
7870 
7 810 
7829 

7 994 
8030 

8 170 
8197 
8030 
7 953 
7873 

7 934 
7942 
7873 

7 934 
7942 

7 870 

8 170 

8 170 
8178 
8197 
8178 
8 170 
7 994 
7942 
7824 , 
7824 . 

7870 ; 
7870 
8030 

8 170 

7953 

7 953 
7 824 
7882 A 
8156 
7942 A 
7 953 
8003 


I A and B ' 

A and C 
A and B , 
Mags from Bo 


Fifth star 


Sixth star 


A and 0 
A and a 
0 and a 
Aa and Og. 

Co and Gf- 

A and E , single distance 
A and a? 

A and B 

A and 0 k» Tj,/ V 2i 
II 250°! i82°’0 


A and B 
Kear 55 Ononis 
A and B, 
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Mr S W Bijenham, Dotthle Star Observations made m 1877-78 


^0 

Double Star 

Star Catalogue 

BA 1880 

Decl 

1880 

Position 

Angle 

Distance 

Mags 

Epoch 

1870+ 

Notes 




li m s 

0 / 

0 

u 






II7 

s 503 

■VV* V 1206 

5 49 10 

13 56 

1573 

28 09 

7 

13 

8003 

A and 0 ) 







1678 




8003 

B and 0 ) 


II8 

02 I2I 

R 15S2 

5 49 49 

74 0 

1853 

032 

7-8 

8-9 

8 151 

Well separated 

II9 

02 545 

0 Aurigae 

5 51 32 

37 22 

38 

I 90 

30 

75 

8 041 

A and B ) 







2927 

45 SI 


10 

8 041 

A and C J 


120 

V 100 

59 Ononis 

5 52 10 

I 49 

205 8 

36 57 

6 


8178 

¥ 37" 25 (1783 0) 

I2I 

2 826 

. 

5 52 49 

— I 20 

1267 

2 02 

82 

92 

7453 








1247 

2 35 



7994 



122 

2 848 


6 I 42 

13 59 

2954 

15 55 

73 

12 0 

8003 

A and c 


123 

0 9^ 

75 Ononis 

6 10 29 

9 59 

226 5 

474 

9 

115 

7934 

B and C 


124 

2 903 


6 18 49 

-12 54 

2943 

22 73 

70 

II 0 

8 189 

Unsteady 


125 

2 910 

P VI 105 

6 20 36 

0 31 

162 5 

093 

83 

90 

8197 

B and C 


126 

2 938 

14 Monocerotis 

6 28 16 

7 40 

2099 

10 59 

70 

II 2 

8 197 



127 

2 943 

Arg (23“) 1432 

6 30 33 

2317 

1474 

19 6s 

8s 

90 

8 175 



128 

n 397 

yi 961 

6 33 47 

28 19 

568 

55 72 

8 

13 

8882 



129 

2 951 

W'Tl 97s 

6 33 31 

9 56 

3092 

21 43 

8s 

107 

8 156 

A & B 'I No change 






2292 

II 56 



8156 

B & C j C found by Ward 

130 

2955 


6 35 24 

- 7 S3 

272 2 

I 00 

87 

90 

8063 

A and B ^ 







1894 

II 48 


8s 

8 063 

A and 0 f 


I3I 

02 154 

L 12831 

6 35 52 

40 45 

1290 

27 77 

6 2 

8 2 

8 041 



132 

02 155 

L 12941 

6 38 1 

24 48 

2610 

1523 

68 

105 

8 091 








258 s 

14 92 



8 175 



133 

A G 0 I 

Sinus 

6 39 S3 

33 

529 

10 24 



7873 

A and B \ 







540 

10 68 



7 934 








53 4 

10 34 



7942 








52 6 

II 36 



7 947 








530 

II 13 



7 994 








519 

II 32 



8030 








SI 3 

II 19 



8 036 








502 

10 70 



8 041 








113S 




7873 

A and C 







1151 

71 30 



7 994 








112 3 

7137 



8 036 








1589 

10460 



7 873 

A and D 







1585 

103 32 

- 


7 994 



134 

2966 

Arg (40°) 1729 

6 41 52 

40 5 

III 7 

5 35 

82 

102 

8 041 

No change 

135 

A C 4 

Cams Majons 89 

6 43 32 

-IS 1 

295 4 

110 


9 

8030 



136 

02 159 

15 Lyncis 

6 46 54 

58 35 

I 0 

048 

47 

72 

8 151 

A and B 

1 






314 

23 64 

12 

;-i3 

8 151 

AB and C 

) 

137 

02 160 

^ 1327s 

6 47 II 

21 19 

1742 

143 

7 

10 

8156 

Uificult to-night 

138 

X990 


6 48 51 

—14 6 

273 I 

341 

87 

93 

8156 

No change 




Mr S W Buenham, Double Star OhseMons made m 1877-78 
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No 


139 

140 


DoaTble Star 


141 

142 

H 3 

H 4 

H5 

146 

147 

14S 

149 

150 

151 

152 
rS 3 


1 54 

155 

156 


157 

159 

160 

161 


162 


163 

164 

165 

166 


5992 

05 162 r^j 


5 1014 

05 165 

5 1031 
3 1034 
5 1058 
5 1064 
5 1074 
5 1071 
5 1081 
05 172 nj 

5 1097 


H 760 
02175 


2 1142 
2 1143 
2 1152 
2 1154 

$ lOI 


02 183 


2 1171 
2 1175 
2 1213 
2 1216 


Star Catalogue 


41 Grertiinorum 
€ Cams Majoris 

45 Oemmoium 

W* vii 22 
W' vii 37 

Cams Mojoris 163 


L 14465 
y Cams Mmoris 
P VII 116 


BAG 24S9 

Proq7on 


9 Arg^B 


Oancri 5 


HA 1880 


Dec! 

1880 


h m <3 

6 49 55 
6 52 57 

6 53 54 

6 58 20 

7 I 29 

732 
7 3 35 
7 10 3 
7 II 30 
7 14 21 
7 14 22 
7 17 I 
7 21 34 
7 21 38 
7 22 14 


7 25 n 
7 27 31 
7 33 I 

7 41 40 
7 41 41 
7 44 58 
7 46 7 
7 46 12 


7 47 8 


7 53 51 

7 56 6 

8 II 32 

8 IS IS 


- 9 20 
16 7 

-28 48 
26 19 

16 9 

-13 48 

- 8 7 

9 37 
-II 49 

o 38 
45 14 
21 41 

35 3 

9 10 

— II 19 


Position 

Angle 


Roy. Astbon. Soc Vol. XLIV, 


- 0 52 

31 13 

5 33 

13 43 
5 42 
2 49 
*-* 2 45 
13 35 


16 21 


23 55 

4 29 
6 50 
I 13 


2996 

1558 

1539 

1602 

389 

363 

765 

797 

2483 

187 

2396 
146 o 

73 

226 I 

2453 

2432 

3135 

157 3 

1572 
41 4 
355 3 
334 9 
3169 
3176 
2545 


3141 

3529 

3053 

2988 
3036 
198 
189 
20 7 
3338 
222 5 
325 I 

1584 

1563 

1596 

160 8 


Distance 


1375 

21 41 
20 55 
742 

182 
188 
256 
234 
3 33 
2 64 

1496 

071 

1624 

136 
12 ± 
32 60 
20 21 
2335 
2347 

3106 

29 92 

4471 

44 53 
22 84 

605 
2 41 
I 19 

041 

1646 

15^7 

1643 

293 

181 

743 

047 

065 

084 

050 


Mags 


So 95 

7 ro 

2 9 

S7 87 

5 lo-u 

83 90 

87 92 


Epoch 

1870+ 


Notes 


70 97 

78 82 

82 , 10 2 

78 85 


11 


So . 


12-13 
6 20 

55 . 63 


80 
70 
8 2 , 
77 
52 


104 
II 0 
99 
99 

65 


62 107 
78 97 

90 II5 

75 82 


8159 
8 170 
8 189 
8219 
8057 
8063 
8030 
8214 
8175 
8088 


87 

98 


8088 
8030 
8 041 
8 091 

S159 

8063 

8159 

8 099 
8159 
8 159 
8088 
8 236 
7 8ro 
7 953 
8225 
8063 
8225 
8223 
8170 
8214 
8227 
8057 
8088 
8 225 
8063 
8088 
8 225 
8068 
8 091 
8 219 
8 227 


No cliangp 

Exceissively unsteady 
Windy. 

332° 2 2''09 (1830 2) 

B « 12-13 
Poor seeing 
Fixed 

No companion 


No piior measures 


AB and 0 \ 
AB and D 

AB and E 


Too wmdy for distance 


No companion 


Doubtful distance 
Too poor for distance. 
Good 

Difficult, and notwell seen 


12-13 


Distance too large 
First rate measure 

DE 
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Mr S W Bubnham, Dovble Star Observations made in 1877—78 


:^o 

Double Star 

star Catalogue 

E A 1880 

Dccl 

1880 

Position 

Angle 

Distance 

Mags 

Epocli 

1870+ 

Notes 




h m s 

0 / 

0 

// 





167 

02 193 

Jj 16548 

8 20 34 

33 56 

298 I 

1417 

72 

12 0 

8 041 


168 

2 1230 


8 21 37 

17 15 

1927 

29 90 

83 

100 

8 219 


169 

^ 1233 

P VIII 81 

8 22 26 

-27 

3303 

18 15 

72 

II 5 

8 099 

No change 

170 

2 3119 

Till 638 

VO 

00 

8 54 

2159 

26 21 

8 0 

II 0 

8 225 

= 2 3066 rej 

171 

H 457 

5 Oancn 

8 37 54 

18 36 

1139 

41 08 

5 

15 

8239 


172 

2 1273 

€ Hydr<B 

8 40 25 

6 52 

223 I 

346 

38 

78 

822s 

A and B | 






192 2 

20 50 



7994 

A and 0 J 

173 

2 1281 


8 41 26 

0 28 

3213 

31 18 

78 

89 

8 091 


174 

A a c 3 . 

p Hydrse 

8 42 5 

6 17 

1459 

12 16 

5 

12-13 

7 994 







1439 

12 84 



8057 







1449 

12 19 



8 170 


175 

$ 24 

B 17586 

8 48 24 

- 8 18 

1773 

I 12 

78 

90 

8186 


176 

2 1327 

B 18224 

9 8 26 

28 25 

778 

1347 

8 0 

92 

8131 

A and B 

177 

2 1329 


9 9 37 

- 0 44 

2484 

22 84 

83 

85 

8131 


178 

2 3121 

IX 176 

9 10 46 

29 5 

1852 

036 

75 

78 

8 211 


179 

2 1356 

« Beonis 

9 22 2 

9 35 

680 

073 

6 2 

70 

8068 







72 6 

053 



8153 


180 

lil IV 47 

3 Beonis 

9 22 6 

8 43 

787 

25 33 

6^ 

13 

8186 

Mags from Sm 

181 

02 207 rej 

B 19259 

9 43 17 

17 24 

3232 

19 24 

77 

11 2 

8285 


182 

21385 


9 43 23 

17 7 

3569 

1 

85 

10 7 

8186 

Too pooi for distance 






3505 

I 14 



8 211 


X83 

A 0 5 

8 Sextan'tis 

9 46 34 

- 7 32 

1500 

0 2 ± 

54 

Si 

8 208 

Slight elongation with 900 






172 0 




8323 

Bess than 0" 25 

184 

Anderson 

A, 31 Beonis 

10 1 32 

10 35 

42 6 

825 

5 

13-14 

8153 







458 

7 01 



8323 

Only seen with low power 

i8s 

■Winlock , 

a Beonis (Eegulus) 

10 2 0 

12 33 

908 

321 

84 

13 

8041 

B and 0 






849 

3 47 



8063 







88 6 

327 



8153 







898 

323 



8323 


186 

2 1416 


10 6 29 

-15 30 

276 7 

II 84 

67 

85 

8 285 


187 

02 215 

P X 23 

10 9 44 

18 20 

2254 

065 

65 

73 

8068 


188 

02 523 

39 Beonis 

10 10 39 

23 43 

2979 

705 

58 

II 5 

8041 







2995 

6 29 



8249 


189 

2 1423 


10 12 37 

21 10 

697 

128 

86 

93 

8 211 


190 

4311 

B 20158 

10 17 26 

— 12 46 

1243 

388 

7 

14 

8416 


191 

2 1445 


10 26 35 

- 0 15 

1600 

271 

88 

II 8 

8 285 


192 

H 165 

X 499 

10 29 46 

12 14 

205 3 

259 

8 

9 

8285 

Mags 85 85 

193 

02 226 re$ vs** 

B 20595 

10 33 47 

42 9 

584 

1789 

7 

10 

8 151 


194 

H 838 . 

41 Sextantis 

10 44 17 

- 8 16 

3038 

26 95 

6 

17-18 

8186 

Not measured hy H 

195 

Be 14 


10 45 51 

- 6 33 

1931 

586 

80 

II 2 

8131 

A and B 






I 1951 

6 19 



8417 





Mr S W Burnham, Bouhh Star Observations made %n 1877-78. 


No 

Double Stai 

Star Catalogue 

HA 1880 

196 

OS 230 

L 20971 

h m 8 
xo 48 4 

X 97 

:2 1524 

y Ursse Majoris 

IX 12 0 

198 

2 1543 

57 Ursae Majoris 

IX 22 37 

X 99 

os 234 

L 2x874 

IX 24 20 

200 

S 3072 

P XI 91 

IX 24 44 

20 X 

H 1201 

BAG 4005 

II 44 48 

202 

OS 243 

B 2777 

“ S 3 38 

203 

S 1607 


12 5 30 


204 H 203 

205 OS 245 

206 OS 246 

207 S 1630 

208 S 1632 

209 OS 247 rej 

210 OS 248 rej 

211 OS 249 

2x2 OS 250 
2x3 S 1641 

214 S 1643 
2x5 S 1644 

2X6 S 1675 

217 OS 25s 

218 S 1682 


219 ir 522 

220 s 1702 

221 s 1703 


311 94 

311 X99 
B 2828 

Canos Yon 20 

311 237 
L 23206 
B 2853 

! u. 23220 


W* xn 564 
P XII 196 


30 Oomso 

L 24x79 


X2 8 6 

12 xr 28 
12 12 24 
12 13 3 
12 14 15 

12 x6 10 
12 x8 3 
12 r8 3 

X2 x8 31 
12 18 38 

X2 21 X3 
12 2 X 18 

X2 38 ^jO 

12 40 8 

12 45 8 


45 SI 
12 52 56 
12 53 7 


222 A 0 - 0. 6 46Virgmis , 12 54 25 — 


80 120 

3 7 10 X 

52 82 


74 104 

6-7 X3 

83 90 

78 $3 


X 4 

62 105 

7-8 

83 90 

65 97 


7 

75 80 

II 0 

75 7 7 

100 105 

84 87 

87 92 

83 90 

7 10 

67 90 


80 85 

80 IX o 


8 260 No change 


8239 
8 260 
8425 
8 246 

8323 

8 244 
8 244 
8 296 
8 260 
8 260 
8 244 
8 244 
8 291 
8 299 
8299 
8 249 
8396 
8323 

8 323 
8 299 
8 299 
8 151 
8 260 
8*291 
8291 
8285 
8323 

8 260 

8285 

8*255 

8274 

8285 

8 151 

8260 

8274 

8359 

8 244 


Distance too largo 
Very good 
Unchanged 
H 189^0 12" d; 

A and B ^ 

B and C j 

A and B . No other moa 


AandO 

J Bbs 12 m 


Ceitainly round 
No change 


h Absolutely round witli 

^ 92s 

A and B ) 

A and Oi I 


B = 12 m 


No other measures 


223 S 1705 


12 54 49 


XX 0 

8323 

8359 

A and B ] 

13 

8377 

A and 0 / 

97 

8353 

No change 






2o8 


Mr S W Bueitham, Doiihle Star Observatzom made m 1877-78 


No 

Double Star 

star Catalogue 

R A 1880 

Decl 

1880 

Position 

Angle 

Distance 

Mags 

Epoch 
1870 + 

Notes 




h 

m s 

0 / 

0 

// 





224 

5 1707 


12 

5517 

16 31 

352 

970 

85 

103 

8274 








358 

9 99 



8285 


225 

5 1711 


12 

56 S 4 

14 7 

3497 

I 06 

8s 

90 

8285 


226 

H 2638 

P XII 268 

13 

0 27 

29 40 

218 9 

654 

6 

14 

8 422 

A and B ] 







72 

4028 


IS 

8 422 

A and C ) C faint 

227 

5 1727 


13 

4 12 

32 I 

3378 

770 

87 

102 

8 291 








3354 

756 



8 422 


228 

E 2645 

53 Virgmis 

13 

5 40 

-15 33 

93 

70 80 



8236 

B = 12-13 

229 

kl VI 90 

61 Viigmis 

13 

12 10 

-17 38 

25 7 


4 i 

loi 

8285 








24 8 

189 96 



8353 


230 

21737 

P XIII 63 

13 

15 58 

i8 24 

220 2 

1513 

77 

100 

8 274 


231 

)6 460 

xin 273 

13 

18 40 

-IS 0 

336 

199 

80 

105 

8277 


232 

05 268 rej 

L 25006 

13 

25 II 

24 51 

771 

19 61 

7 

118 

8274 

A and B ] 







2590 

67 86 


7 

8274 

A and C J 

233 

H 2659 

xin 542 

13 

28 11 

40 33 



8-9 

18 

8 260 


234 

H 3340 


13 

30 47 

16 35 

217 2 

2 27 

II 

II 

8 244 


235 

E 33+1 

W® xiii 615 

13 

32 14 

28 56 

1914 

2 80 

10 as 

10 

8 151 

Mags 10 10 5 







196 2 

2 56 



8274 


236 

2 1771 


13 

33 32 

70 23 

758 

197 

78 

8s 

8 299 


237 

S 1775 

BAG 4571 

13 

37 17 

- 3 40 

3354 

27 93 

70 

97 

825s 








3364 

27 68 



8277 


238 

2 3081 

xui 645 

13 

38 46 

— II 14 

674 

205 

88 

92 

8277 








67 0 

199 



8285 


239 

05 270 

T Bootis 

13 

41 35 

18 3 

3510 

895 

48 

II 7 

8151 








3514 

894 



8 244 








3529 

831 



8337 








3522 

8 66 



8 422 


240 

5 1784 


13 

42 12 

69 49 

208 7 

900 

8 2 

105 

8 299 


241 

05 272 

P XIII 242 . 

13 

49 I 

30 30 

20 9 

I 41 

72 

97 

8 291 


242 

5 1791 


13 

Sr I 

15 I 

1597 

21 12 

87 

95 

8274 


243 

5 iSor 


13 

59 42 

6 32 

669 

1938 

90 

10 5 

8277 








681 

1937 



8 348 


244 

5 1803 


14 

I 24 

38 59 

426 

1787 

77 

95 

8 260 

Fixed 

24s 

5 1805 


H 

3 55 

4 35 

34 5 

470 

84 

85 

8277 


246 

5 1809 


14 

4 14 

46 42 

1948 

409 

85 

II 7 

8 291 


247 

5 1820 


14 

9 5 

55 53 

674 

232 

82 

85 

8 299 


248 

5 1827 

0 ® Arg 14419 

14 

10 32 

59 48 

210 8 

1135 

85 

90 

8 296 

Fixed 

249 

51832 


H 

12 51 

4 27 

1314 

065 

90 

90 

8323 

AandB 1 







69 6 

19 16 


(14) 

8323 

A and C / 

250 

5 3083 

Arg (240)2719 

14 

14 12 

24 4 

2307 

448 

83 

II0 

8337 


251 

1843 


14 

20 15 

48 23 

1877 

20 02 

72 

87 

8 260 





Mr S W Burnham, Doithle Star Observations made in 1877-78 


209 




252 

253 

254 
25s 

256 

257 

258 

259 

260 

261 

262 


263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 


Double Star 


2 1847 

OS 283 

02 284 

2 1870 

2 1874 
2 1879 
/8 106 

H 5489 

^ 31 

11 2752 
Sh 190 


0 239 
^ 348 
2 1914 

2 3091 
02 294 

2 1926 

02 29s 
21925 
23093 

^ 1937 

2 1938 

^ 1959 

2 1961 


Star Catalogue, 


R 3220 
E 324s 


fj. Librse 

BAG 4902 
L 27106 

Arg (45°) 2228 
P XIV 212 


59 H^drse 
2 Sorpentis 


L 27867 


L 27853 

h 28015 
97 Coronae 
yu® Bootis 
7 Ifibrae 
W^XY 668 
Aig (44O) 2483 


R A 1880 

Decl 

x88o 

Positioi 

Angle 

Distance 

Mags 

Epocb 

1S70+ 


Notes 

h m a 

0 / 

0 

It 





- 

14 22 14 

- 9 40 

258 0 

22 68 

85 

98 

8274 


14 28 17 


2576 

22 58 



8348 


49 43 

1324 

50s 

75 

II 0 

8 260 


14 36 6 


1298 

4 95 



8 296 


4913 

1035 

723 

73 

II 0 

8 260 




loi 3 

7 II 



8 296 


H 37 I 

8 35 

2305 

456 

78 

10 7 

8285 


14 3^ I 


231 0 

4 45 



8 348 


49 38 

2886 

26 32 

77 

92 

8 260 


14 40 23 

10 10 

217 I 

0 42 

78 

88 

8438 


14 42 44 

“I3 39 

3332 

I so 

55 

<53 

8 321 

A and B ' 


14 44 48 


2292 

27 35 


I2~I3 

8321 

A and C 


29 7 

230 

112 56 



8337 


X 4 46 59 

19 13 

1878 

I 29 

85 

10 2 

8 246 

A and B 




161 4 

904 


12-.13 

8246 

A and 0 , 


H 47 4 

45 6 

126 5 

584 

9 

10 

8 260 

Magh 8 

10 5 

X 4 50 27 

-20 52 

2913 

1567 

7 

8 

S277 

A and 



2904 

1505 



8323 





291 8 

1540 

* 


8 348 





2895 

1520 



8509 





171 0 

525 



8323 

A and 0 




52*5 

694 

. 

» 

8323 

A and D 




i66‘5 

105 5 



8323 

A and E 




3222 

I 2 I 6 

. 


8323 

AandP ) 

H 51 33 

-27 xo 

1295 

093 1 

1 6 

6 

8362 


14 55 40 

0 20 

1214 

051 

6 . 

75 

8 362 

Very difficult. 

IS 5 25 

- S 2 

335 4 

3091 

80 

87 

8277 




3362 

3174 



8351 


15 9 43 

- 4 26 

225 0 

0 2 S± 

77 

77 

8 362 


IS 9 46 

56 30 

249 I 


7‘3 

II 0 

8 296 

Clouded before distance 



2483 

27s 

- 

, 

8 299 


15 10 23 

38 45 

2548 

146 

61 

84 

8 422 

Unsteady 



259 I 

143 



8 444 

Good 

15 to 24 

37 16 

128 7 

075 

8 0 

93 

8 411 


15 10 28 . 

- 7 50 

10 2 

491 

78 

9‘3 

8438 


15 16 26 - 

- I 6 

1399 

30 79 

80 

92 

8348 

* 

IS 18 14 

30 43 

90 8 

0 62 

52 

57 

8411 


15 20 0 

37 46 

1362 

06S 

67 

73 

8411 


IS 28 48 - 

-14 23 

1518 

41 31 

4 i 3 

ci 7 

8323 


IS 29 58 

35 10 

2423 

2 08 

87 102 

8411 

No change 

IS 30 29 

43 36 

446 

22*45 

87 

90 

8291 



I 









Mr S W Buenham, Double Star Observahons made in 1877-78 



1 









No 

Double Stai 

Star Catalogue 

E A 1880 

Decl 

r88o 

Position 

Angle 

Distance 

Mag«; 

Lpoch 
1870 + 

Note®? 




lx m s 

0 / 

0 

// 





277 

o:s 298 

W^xv 716 

15 31 42 

40 13 

128 7 

023 

70 

74 

8249 

Hot quite separated 






1328 

031 



8411 

Both good measures 

278 

1962 

Librae 178 

IS 32 11 

— 8 24 

1878 

H99 

63 

64 

8487 

Pixed 

279 

2 1964 


IS 33 41 

36 38 

100 

134 


88 

8381 

B and C 1 






881 

1552 

68 

73 

8381 

A and B ) 

2S0 

2309s 

XV 70s 

15 36 IS 

-14 48 

3378 

272 

83 

98 

8452 







3379 

29s 



8455 


281 

H 1277 

a Serpentis 

15 38 21 

6 48 

. 354 5 

S8 89 

2 

14-15 

8351 

H 3 S 9 °S 

00 

A G C 8 

6 Corouae 

IS 52 37 

2714 

357 3 

194 

4 

12-13 

8 246 







31 

I7S 

. 


8473 


283 

S 2001 


IS S 7 10 

42 10 

1688 

1193 

87 

105 

8 291 


284 

'Z 2006 

• 

15 58 I 

59 16 

196 8 

166 

75 

92 

842s 


285 

j 3 120 

V Scorpii 

16 5 i 

-19 9 

08 

o8± 

42 

67 

8244 

Too pool for distance 






72 

I 08 



8383 

Unsteady 






30 

I 00 



8438 


286 

2 2022 


16 7 48 

26 59 

1364 

2 89 

6 2 

98 

8444 


287 

2 2032 

(j Coronas 

16 10 12 

34 10 

202 8 


50 

61 

8378 

Clouded before distance 






201 8 

351 



8 400 

The 16" star not seen 

288 

2 2036 


16 10 29 

72 S2 

2415 

2 18 

88 

103 

8425 

A and B | 






3411 

1567 


16 

842s 

A and 0 J 

289 

2 2048 

P XVI 88 

16 22 20 

- 7 52 

3013 

504 

63 

90 

8493 

Probably fixed 

290 

02 312 

Draconis 

16 22 22 

61 47 

1417 

526 

29 

90 

8381 


291 

2 3105 

xTi 447 

16 25 21 

- 6 46 

509 

061 

77 

77 

8493 


292 

2 2062 


16 28 42 

8 56 

1142 

2 80 

83 

100 

8458 

B = ii m 

293 

2 2084 

C Herculis 

16 36 47 

31 49 

127 0 

151 

30 

65 

8408 


294 

2 2092 


16 37 24 

60 56 

52 

818 

77 

88 

8425 


295 

2 2Io6 


16 45 24 

9 37 

3237 1 

0 64 

67 

84 

8383 


296 

2 3106 

XVI 912 

16 49 17 

- 4 59 

2472 

2 19 

86 

86 

8482 



02317 

L 30818 



2464 




8487 

Haze, too faint for dis¬ 
tance 

297 

16 49 18 

44 36 

228 I 

1730 

7 

11-12 

8299 






2289 

1729 



8337 


298 

2 2110 rej 

56 Herculis 

16 So 6 

25 56 

93 4 

1813 


10 

8449 


299 

2 3107 

"W^xvi 977 

16 52 52 

4 9 

100 I 

13S 

85 

85 

8458 


300 

02 321 

L 30918 

53 55 

14 29 

2 6 

055 

80 . 

. 80 

8 458 


301 

2 2117 


55 H 

51 59 

H63 

I 29 

84 

10 6 

8 299 

Difficult to nigbt 

302 

2 2115 

Herculis 192 

16 56 6 

15 7 

238 s 

1888 

57 

10 5 

8383 

303 

2 2124 


16 58 47 

65 23 

894 

1504 

85 

92 

8299 

Ho change 

304 

WV 133 

60 Herculis 

16 59 49 

12 54 

3097 


1 


8438 

Clouded 






3098 

5338 



8515 


305 

2 2122 

Opbiuchi 124 

17 0 39 

- I 30 

2796 

20 34 

6S 

87 

8482 

Pixed 

306 

2 2140 

a Herculis 

17 9 10 

14 32 

H 7 5 

4 99 

30 

61 

8458 

A and B ) 






387 

85 39 


12-13 

8458 

A and C ) 








Mr b W. Btjenham, Double Star Observations made 


21 I 


in 1877-78 



Double Star 

Star Catalogue 

B A 188 0 

Decl 

i88o 

Positio 

Angle 

Distance 

Mags 

Epoch 

1870+ 

Notes 

307 

308 

H 854 

02 327 

W* xvii 143 

R 3689 

h m s 

17 10 27 

17 II 53 

0 / 

I 21 

56 16 

3588 

// 

20 24 

5 

17 

8509 
8 476 

No other measiues* 

309 

05328 

68 Herciilis 

17 12 54 

33 14 

62 4 

388 

5 I 

10 I 

839s 

No change 


0-544 

2 2163 




60 6 

4 22 



8411 

Q-ood 


310 

311 

72 Horculis 

17 16 10 

17 19 3(5 

32 28 

42 16 

972 

158 

92 

6 

92 

8395 

8 299 


312 

2 2172 


17 23 44 

- I 15 

1705 

II 62 

8 0 

108 

8 509 



313 

3H 

5 2175 

2 2178 


17 25 0 

17 25 11 

32 4S 

35 2 

10 I 

13 30 

80 

70 

10 0 

86 

8395 

8449 

No change 

315 

316 

317 

2 2190 

333 

Bo 16 

P XVII 163 

Arg (43°) 2795 

17 30 52 
17 31 13 

17 39 45 

21 4 

10 39 

43 48 

239 

>479 

10 16 

097 

6 0 

95 

95 

7 

II 0 

8493 

8 622 
8 299 

Single 

B and C 

1 

318 

2 2205 


17 40 ± 

17 4(5 

212 7 

3051 

1945 

230 

83 

8i 

87 

8 299 
8 622 

A and BC 1 

319 

A C 7 

fx Uorciilis 

17 41 47 

27 48 

2331 

I 04 



8337 

B and C 







2378 

092 



8411 








2295 

I 16 



8 444 


Unsteady 






2357 

I 02 



8473 


Seeing perfect 






2346 

I 22 



8529 








2389 

095 



8610 


Good 

320 

2 2215 

W-*xvu 1314 



2434 

30 54 



8 444 

A and BO 

17 41 49 

1 17 44 

301 I 

071 

59 

7 9 

8 622 



321 

322 

2 2237 

2 3128 

W* xvn 905 

17 46 14 
17 4<5 28 

41 59 

- 7 S3 

74 

35 0 

20 28 

125 

72 

72 

’ 95 

II0 

8299 

8 ^2^ 

No change 

323 

02 338 

L 32693 

17 46 33 

IS 21 

202 9 

075 

64 

7 7 

8636 



324 

n 4995 

L 32695 

17 47 26 

-n 19 


6 k 

8 512 



32s 

^ 283 

BAG 6088 

17 54 38 

-22 47 

2383 

8 20 

6 

12-13 

8504 

No otl'er 

measures 

326 

lit N 40 

h 32971 

17 55 (5 

-23 I 

240 I 

21 4 

826 

5 98 



8 507 

8 501 

AandB 







22 6 

5 73 


- 

8 504 








212 4 

1085 

- 


8 501 

A and 0 







2825 

2 18 



8 SOI 

CandD 







280 2 

226 



8504 








1B2S 

6 10 



8 S12 

0 and B 







2145 

2971 

* 


8 S12 

C and (4 


327 





82 1 

2837 



8 512 

0 and F. 


2 2272 

70 Oplimchi 

17 59 23 

2 33 





8 625 

Both stars 

round 

325 

n 5493 

72 Ophniclu 

18 I 42 

9 33 

167 6 

5170 

4 14 

8 622 

329 

AC 15 

99 Horcuhs 

18 2 28 

30 33 

266 

I 09 

60 10 5 

8458 








206 

0 90 

I 

I 0 

8460 








26 I 

097 



8473 1 

1 




212 


Mr S W Buenblam, Dovlle Star Ohsermtiom made %n 1877-78 


No 

Double Star 

Star Catalogue 

BA 1880 

Ded 

1880 

Position 

Angle 

Distance 

Mags 

Bpocli 

1870+ 

Notes 





h 

m 

a 

0 / 

0 

// 






330 

AGO 

102 Hercitlis 

18 

3 

38 

20 48 

469 

23 42 

Sh 

12-13 

8 449 



331 

H 2822 

p . Sagittani 

18 

6 

35 

-21 5 

2592 

1691 

3-4 

14 

8422 

A and B 









117 4 




8 422 

A and 0 









118 7 

25 20 



8512 



332 

^ 286 

16 Sagittani 

i8 

8 

9 

-20 25 

219 6 

5 49 

6 

13 

8490 










218 3 

5 74 



8504 


; 








217 7 

578 



8 701 



333 

H 2827 


i8 

9 

59 

“I9 55 

2536 

1967 

9-10 

= 9-10 

8 422 



334 

iQ- 

K 3883 

18 

12 

35 

56 33 

186 I 

599 

II 0 

II 0 

8425 

B and 0 ' 


/ 








2393 

95 96 

70 

8425 

A and B , 


^ j 

335 

H 5495 

74 Opliiuchi 

18 

14 

53 

3 19 

28s 6 

27 96 

5 

15 

8 512 

No other measures 


336 

2231s 

Herciilis 452 

18 

20 

12 

27 20 

251 7 

031 

70 

8 0 

8449 


! 1 

337 

5 2318 


18 

20 

37 

25 56 

2549 

20 81 

8 0 

102 

8441 



338 

02351 

^ 3923 

18 

22 

II 

48 42 

297 

063 

7 I 

74 

8 408 



339 

^ 2327 

(29°) 3270 

18 

24 

33 

29 31 

3100 

19 01 

73 

II 0 

8441 

B = II m 


340 

3SS 

1 3435° 

18 

27 

38 

8 II 



62 

8636 

Bound 


341 

22344 

Arg (28®) 3027 

18 

30 

19 

28 38 

180 4 

158 

85 

12 0 

8441 


f 

'ii , 

342 

02 357 

Arg (11°) 3518 

18 

30 

21 

II 37 

2589 

0 52 

7-8 

7-8 

8636 


u 

343 

2 9 App II 

a Lyrse (Yega) 

18 

32 

52 

38 40 

1549 

4801 

I 0 

105 

8 408 

A and B 


\ J . 








1549 

48 II 



8534 



’ '■ it 








2899 

SI 66 


13-14 

8337 

A and C 


i ‘ 








292 9 

5197 



8395 



t 








293 I 

5193 



8 408 



‘f 

344 

2 2358 


18 

34 

0 

30 37 

218 5 

2 90 

88 

90 

8529 


345 

2 2384 

L 34968 

18 

38 

33 

67 0 



80 

85 

8476 

Single 

i 

4 \ 

346 

Sh 277 


18 

40 

23 

39 31 

384 

46 61 



8337 

A and B 


'y 








385 

4681 



8381 











357 4 

24 94 



8337 

C and D 

- 

Vfj ' i 








354 7 

2509 



8389 



'‘i:! 








2473 

4257 



8337 

A and C 


' ’l' ! 

347 

^ 293 

i3 Lyrse 

18 

45 

39 

33 13 

2472 

46 35 

3 

13 

8337 

A and C ‘ 


fr. ( 








248 8 

46 26 



8389 










1491 

4564 


67 

8389 

A and B ^ 



348 

02 364 

^ 35242 

18 

48 

24 

25 14 



7-8 

II 

8 411 



349 

02 52s 

Lyrse 91 

18 

50 

28 

33 49 

124 6 

156 

55 

95 

8408 

A and B 


350 

02 36s 

35438 

18 

52 

20 

44 4 





8408 


* l/f 

I 

351 

02 544 

y Lyrse 

18 

54 

27 

32 31 

3008 

12 80 

32 

12 0 

8408 









301 5 

1272 



8460 



352 

Winlock 

C Sagittani 

18 

55 

0 

-30 3 

842 

042 

3i 

4 

8701 


h ; 

353 

22434 

P XVIII 274 

18 

56 

34 

- 0 53 

64 I 

153 

84 

103 

8636 

B and 0 

f 

354 

/8 287 

C Aquilse 

18 

59 

54 

13 41 

61 0 

490 

3 

12 

8458 

Bather dilKcult 

It, 
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Mr S W Buekham, Double S'ar OhservaUotis made in 1877-78 


No 


355 


355 

357 

358 


359 

360 

361 

362 

353 

364 

36s 

366 

367 

368 

369 


Double Star 


370 

371 

372 


:s 24.62 


2 2464 

II 879 

02 368 


S 2508 

22514 

2 2512 

22515 

22536 

22538 

2 2544 
II 599 

2 2557 

2 2564 
02 380 


373 


02382 

2 2574 

A Gf- 0 II 


Star Catalogue 


21 Aqiiil{)e 

"W"’ XIX 279 


OS (App ) 190 


54 Sagittal 11 


X A<iiiil«e 


37472 

P XIX. 257 


Xf 37^28 , 


r88o 


h m 


19 3 30 


19 3 36 

19 7 39 
19 10 37 


19 14 24 
19 16 49 

19 18 5 
19 19 23 

19 26 16 
19 27 3 

19 31 19 
'9 33 52 


DecI 

18S0 


3 12 


II 41 

2 5 
IS 57 


67 39 

67 28 

31 30 

21 17 

17 32 
36 27 

S 3 

-16 33 


19 34 49 29 28 


19 35 49 

19 3<3 SS 


19 37 0 
19 39 S 
19 39 IS 


<53 33 
II 33 


27 6 
62 23 
10 29 


19 39 50 


46 57 


Dositioi 

Angle 

Distance 

0 

// 

58 0 

498 

59 9 

488 

1562 

879 

231 6 

S62 

718 

59 S 

22 2 

115 

25 2 

I 24 

286 4 

3619 

220 4 

093 

212 9 

118 

2154 

099 

98 2 

17 37 

1178 

1799 

3167 

849 

3160 

853 

3105 

22 33 

243 

13 08 

233 

12 89 

<>4 5 

I 76 

528 

597 

23S5 

2109 

2388 

*5 63 

244 5 

35 76 

417 

45 57 

1034 

1076 

303*4 

2095 

1751 

1004 

829 


766 

055 

682 

093 

729 

* 

725 

044 

1753 

0 45 

1450 

063 

126 I 


1474 


1470 

026 

142 0 

032 

2793 


276 6 

4 16 

3002 

II 64 

3168 

67 32 


Mags 

Epoch. 
1870 + 

INotes 



8 512 

Wmdy 




8636 



9*5 

95 

8698 

A andB 



125 

8 698 

A and 0 



125 

8698 

B andB 

J 

8 2 

105 

8636 

Blit little change 



8689 



6 

19 

8 449 

Xo measure m H 

7 I 

84 

8636 

A and B 




8689 

‘Very unsteady 



8 706 





8636 

A and C 


87 

90 

8425 

5 ii7°7 

17 " 6s (1832- 

90 

II 3 

8’397 





8425 



75 

98 

8471 



80 

90 

8597 





8703 



80 

II 0 

8698 



83 

. 87 

8471 

33 and 0 

1 


13 

8 ' 47 i 

A and o 

[ 

78 

8S 

8616 

Too poor for AB. 

5~6 

14 

S698 

A and B. 

j. Mags. 


10 j 

8698 

A and 0 , 

) S US 9 

73 

98 

^ 8473 

A and B 

1 


II 0 

8473 

A and Q j 

r 

85 

102 

8397 



57 

77 

7681 





7'684 





7725 





7728 





7 775 



70.. 

• 70 

8529 



80 

80 

8476 



7 ‘S . 

75 

7 68i 

A and B 




7 725 





8 622 


1 



8 701 


1 



7681 

AB and 0 



95 

8703 



7*5 

12-13 

8397 ■ 

A and B ^ 



90 

8397 ■ 

A and 0 1 
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Mr S W Buknham, Double Star Ohservationb made m 1877-78 


No 

Double Star 

Stai Catalogue 

BA 1880 

Dec! 

1880 

Position 

Angle 

Distance 

Mags 

Bpocli 

1870-1“ 

Notes 




h m s 

0 / 

0 

// 





374 


7 Aquilse 

19 40 33 

10 19 

267 8 

502 

3 

II 0 

7666 

A and B 






304 




7666 

A and 0 






2576 




766 

A and I) 

37S 

3 3579 

5 Cygni 

19 41 13 

44 50 

3337 

I 40 

30 

79 

8647 







3326 

I 40 



8 649 


376 

A G- 0 12 

C Sagitt8e 

19 43 39 

18 sx 

1583 

0 22 

6 

6 

7 722 

A and B 






1576 

024 



7728 







158 I 

027 



7775 







1587 

035 



8636 







1554 

035 



8 701 


377 

n 2904 

BAG 6814 

19 47 8 

-24 14 

1408 

18 39 

6 

10 

8 706 

Mags 7 

10 

378 

02532 

/3 Aquilae 

19 49 25 

6 7 

18 2 

12 01 

34 

113 

8597 







152 

II 96 



8 622 







16 I 

1203 



8 625 


379 

^ 425 

L 38087 

19 52 15 

19 58 

240 2 

I 32 

88 

90 

8625 

A and B 







39 3 

1961 


120 

8 625 

A and 0 


380 

A C 16 


19 52 57 

26 56 

2377 

045 


8 

8678 

A and B 

381 

o:s 392 

Cygni 116 

19 53 54 

41 56 

3x70 

031 

70 

90 

8534 

A and B ) 






289 2 

332 


90 

8534 

AB and C J 

382 

y IV 100 

X Sagittse 

19 54 38 

17 u 

2054 

28 96 


12 

8698 


383 

2 2612 


19 55 31 

6 36 

533 

38 03 

78 

88 

8458 


384 

^439 


19 55 56 

29 30 

1599 

152 

8 0 

120 

8 411 


38s 

5 2615 

L 38279 

19 57 5 

8 4 

3196 

1051 

72 

10 I 

8458 







3172 

1068 



8 625 


386 

2 2619 


19 57 29 

47 56 

242 2 

442 

81 

81 

8397 

A and B 






2942 

18 40 

II- 

-12 

8397 

A and 0 

387 

IS V' 147 

26 Oygni 

19 57 58 

49 46 

1468 

4X 76 

55 

35 

8 408 

A and B 







73 7 

899 


II 0 

8 408 

B and C j 


388 

^57 

I' 38415 

19 59 55 

15 9 

1234 

250 

6 2 

106 

7703 

Mags by Be 

389 

^ 429, 440 

L 38520 

20 I 27 

35 27 

61 I 

663 

7 

12-13 

8534 

A and B 






251 

S39 


12 

8534 

A and C 

390 

2 263s 

Aqiiilae 231 

20 4 19 

8 6 

79 3 

718 

70 

105 

8 706 

No change 

391 

02 400 

L 38758 

20 6 14 

43 35 



73 

77 

8647 

Single Math all powers 

392, 

22652 


20 7 3 

61 43 

269 9 

0 42 

7 3 

76 

8 534 

Well separated 

393 

2 50 App I 

©2 Cygni 

20 9 51 

46 23 

1738 

106 63 

37 

65 

8389 

A and B 







3217 

36 82 


17 

8389 

A and a 







169 6 

43 19 



8389 

A and 5 

Last three 
\ single dis- 






91 7 

40 I 



8389 

B and c 

tances 






618 

605 



8389 

B and d 







1360 

60s 



8389 

B and e j 


394 

2 2658 

• 

20 10 29 

52 45 

1199 

5 21 

70 

91 

8 649 

A and B 







2124 

4050 


102 

8 649 

A and C 
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Mr S W Burnham, Double Star Obsei'vations made in 1877—78 


IsTo Doulble Star 


Stai Catalogue 


395 A G C X3 . Capricorni 


111 H - • 

20 II 24 _I2 55 1503 

1514 


A and RC 


396 a 2662 

397 ... 

398 IltN 138 . 

399 ^ 443 

400 ^ 363 

401 /3 63 . 

402 2 2690 

403 Ma 8 

404 2 2703 


» Capricorni 
O' Arg 2047s 

^ 39293 

Viilpecixlse 93 
I Delphim 

P XX 178 

XX 688 


405 hs 151 hsDelplimi 


I 406 0:^ 533 . fc Delphim 


407 II. 1554 ... C6 Dolphmi 


20 12 50 10 37 36 6 

20 14 0-13 8 210 r 

20 17 42 -17 23 330 6 

20 19 12 28 37 134 3 

87 4 

20 24 28 20 12 62 8 

20 24 33 10 30 345 o 


20 25 29 


20 28 15 


20 31 r3 


20 31 55 


20 33 17 


20 34 3 


10 51 ro8 5 
1084 
ir 41 248 I 

2487 

14 19 2903 
217 I 


1408 ^288 Delphmi 32 * , 20 34 31 


41 3 

523 

522 

52 I 

5S4 

1172 

1157 

nS 7 

335 <5 

940 3298 
3291 
3293 

3285 
15 29 279 7 


114 I 

15 25 167 8 


16 7 807 

8 722 

) no 7807 
8 722 

> 7 <> 8 722 

7 S 8 722 

8 722 
7 760 

7 775 
7818 
7829 

8 622 
S633 
8636 
8 701 

7701 

7821 

8625 

7701 

.ri4 7725 
7807 
8468 
8 722 
13 7 821 

8 722 
13 7 821 

7 821 
13-14 8537 


B and C 


12-13 m 
Mags 80 85 
A and JB ] Another star 
AandC J 2^" s/' 

Unsteady 0 not seen 
Distance too largo 

A and D 


AandB 
B and 0 
A and 0 
A and B. 


Bst. o'''25, 


A and 0 


A and D 


A and 0 . 

A and D. 
A and E. 
Difficult. 
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Mr S W. Btjenham, Double Star Observations made %n 1877-78 


Ho 

Double Star 

Stai Catalogue 

E. A. 1880 

Decl 

1880 

Position 

Angle 

Distance 

Mags 

Epoch 

1870+ 

Notes 

409 

2 2714 


h m s 

20 35 17 

0 / 

29 20 

0 

3419 

// 

687 

85 

12 0 

8436 

Not good 

410 

/3 267 


20 35 25 

- 4 50 

1519 

2 II 

9*0 

90 

8678 

No other measures 

411 

5 2720 


20 37 56 

16 31 

1821 

407 

85 

87 

8698 


412 

5 2723 

Delphini 43 

20 39 II 

11 S 3 

336 

387 

64 

12 

770* 

A and 0 

413 

iQ 152 

Cephei 55 

20 39 x8 

56 57 

1123 

0 55 

70 

90 

8534 


414 

02413 

A Cygni 

20 42 44 

36 3 

85 3 

074 

55 

76 

8529 


415 

22734 


20 48 21 

12 39 

191 3 

25 66 

82 

87 

8537 







191 0 

25 81 



8597 







1914 

26 00 



8698 


416 

o:s 418 

L 40485 

20 49 54 

32 15 

2948 

I 2 ± 

73 

73 

7769 


417 

os 419 

XX 1574 

20 50 I 

36 37 

380 

165 

73 

103 

7758 


418 

os 424 

L 40628 

20 S3 39 

15 6 

3276 

0 45 

7-8 

8-9 

8594 

A and B 






3279 

045 



8678 







3063 




8594 

A and 0 

419 

H 3006 


20 54 52 

2 28 

II 2 I 

I 94 

10 

10 

7818 







IIOO 

I 69 

10 . 

19 

8537 


420 

ftllV U3 

BAG 7313 

20 57 45 

39 2 

2999 

18 72 

6 

10 

847* 

A and B ) 






2500 

25 80 


12 

847* 

A and C J 

421 

2 2749 


20 58 43 

3 3 

*47 3 

099 

95 

95 

7 766 

B and C 






1505 

I 26 



7818 


422 

2 2752 

Aquain 43 

21 0 29 

-14 24 

*519 

5 60 

67 

107 

8589 

A and B ) 






837 

20 99 


12 

8589 

A and C I AO = )8 157 

423 

527 

W’ XX 1550 

21 2 I 

4 40 

2794 

0 64 

72 

72 

7 760 

Thej? star J mag smallest 






285 6 

044 



8636 







290 I 

049 



8678 

Mags 77 83 

424 

Star and Neb 


21 2 14 

47 22 

243 I 

26 63 



8468 

and neb 






2450 

28 05 



8476 







885 

257 



8476 

Distance of nuclei 

425 

02 429 rej 

L 41005 

21 3 22 

4 33 





8678 

Certainly single 

426 

2 2763 


21 3 52 

16 51 

2954 

17 60 

85 

97 

839s 







292 8 

17 30 



8 625 


427 

Kn 2 

y Equnlei 

21 4 30 

9 39 

274 5 

2 16 

42 

II0 

7728 

A and B ) 






10 0 

41 34 


12 

7728 

A and 0 I 

428 

jS 270 

Eqmilei 19 

21 7 31 

6 43 

347 4 

I 26 

7 

9 

7725 

A and B A faint star at 
32° 4 






172 6 

183 40 


7 

7725 

AandC AO = S 781, 

429 

0^ 535 

S Equnlei 

00 

to 

00 

9 31 

*564 

0 2± 

45 

50 

7 760 

Slight elongation 










8633 

No certain elongation 










8678 

Perhaps elongated in 180°, 
but doubtful 

430 

A G 0 13 

T Cygni 

21 10 0 

37 32 

1500 

I 06 

49 

74 

8 408 

Mags byDe i 

431 

02 433 

u Oygni 

21 12 58 

34 23 

2185 

1477 

45 

10 3 

8436 

A and B 





1 

*77 9 

1 2138 


10 2 

8436 

A and 0 



Mr S. W. Burnham, Dovble Star OhservaUons made in 1877-78 


217 


No 

Double Star 

— -- 

Star Catalogue 

11A 1880 

Decl 

1880 

Position 

Angle 

Distance 

Mags 

Epoch 

18704- 


— 

Notes 

432 

iS 289 

W^xxi 289 

li m s 
21 13 22 

0 / 

34 25 

0 

1378 

// 

0 90 

82 

100 

8529 

A <xn(I B 

) 


02435 




262 I 

5 39 


13 

8529 

A <m(I 0 

] 

433 

L 41486 

21 15 19 

2 23 

2059 

0 62 

75 

78 

8678 




434 

H 3023 

0 Equulei 

21 16 56 

6 18 

260 I 

32 09 

5 

* 3-14 

7776 

A and B 







2593 

3*07 



8033 









3087 

674 



7 776 

A and C 


Single diBtancefo 






104 

603 

14 

*5 

7728 

0 and D 








2759 

86 28 

*5 


8633 

A and E 



435 

H SS17 

18 Aquarii 

21 17 37 

-13 23 

3257 

4784 

6 


7 S24 

Vorv Itnnt 

436 

^447 

Vulpeculse 129 

21 18 45 

24 48 

3297 

859 

65 

*3 

7 802 

No othox 

moaBurofc! 


/3 164 
^ 72 




331 I 

845 

6 

12-13 

8625 




437 

438 

L 4164s 

W XXI 511 

21 19 13 
21 23 43 

8 52 

- 5 55 

2373 

42 8 

0 82 

I 89 

8 

9 

II 

7725 

7 722 

(AC « 5 2793) 

In the flolcl with 0 684 


ir 936 




434 

I 90 



8 622 




439 

^ Aqnani 

21 25 14 

-66 

3200 

3426 

3 

*5 

7701 

AB ] 




273 

W» XXI 646 



185 6 

5504 


12 

7 701 

AC.J 



440 

21 28 33 

10 55 

933 

563 

8 

12 

7821 



441 

442 

443 

ir 3040 

Ji 941 
:2i 2822 

€ Capncorni 

4 Pogaai 
^ Cygni 

21 30 22 

21 32 31 
21 38 46 

-20 0 

5 X 4 
28 12 

468 

344 9 

1*53 

6794 

25 95 

392 

5 

6-7 

4 

9 

*7 

5 

7824 
8 706 
8408 

l%nt star 
No measui 
A and B \ 

156° 70" 

os by H 






117 2 

384 

•* 

• 

8436 









262 7 

3540 


12 

7 717 

A and 0 . 








2630 

3516 

• 


8 408 





IL 1691 




563 

208 52 


7 

8436 

A and T) 



444 

L 424S9 

21 42 15 

— 6 48 

2768 

1468 

9 

*3 

7 807 

A about 8 m 1 

445 

n 947 

P XXI 312 

21 45 57 

19 16 

927 

2071 

7 

•*5 

8395 

H 275 “5 
A and B 


10'' de . 

446 

^2833 


21 46 2 

31 

3240 

3392 

24*40 

9*27 

72 

*7 

100 

839s 

8689 

A and C 



447 

S2845 


21 4 ^ 59 

62 32 

1732 

I 86 

82 

83 

8 42 e; 




443 

II 30 l >9 

- 

21 50 31 

6 40 

788 

24 98 

8 

12 

7 802 

AB and C 



449 

02 537 

O'* Arg 23107 

21 52 10 

59 i <3 

202 5 

221 

8 

lO-II 

8 649 




02 458 




200 6 

2 12 



8 657 




450 

li 5483 

21 52 40 

59 13 

349 S 

1 00 

60 . 

83 

8 649 

A and B 








354 ‘* 

072 

• 


8660 




451 

ilowo 




329 

22 71 


*25 

8 649 

A and 0 



L 42909. 

21 55 0 . 

-16 11 

2705 

894 

6J 

,11 

8633 

A and B 



452 

II 289 




2923 



9 

8633 

A and f). 



20 Pegasi . 

21 55 14 

12 33 

326 I 

SI 28 

5-6 

12 

7780 

rmsF 1 

453 

S 802 

29 Aquani 

21 55 51 ■ 

-17 33 

2424 

4 10 

8 

84 

7 701 




454 

2 2860 

* 

21 59 26 

60 16 

256 X 

6 13 

77 * 

^ 93 

S435 









2552 

S‘So 



8 668 
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Mr S. W Burnham, DouUe Star Ohs&'vations made in 1877—78 


No 

Double Stai 

Star Catalogue 

E A r88o 

I Decl 
1880 

Position 

Angle 

Distance 

Mags 

Epocb. 

1870+ 

Notes 




h m s 

0 f 

0 

n 





455 

0 ^ 460 

Lam 8679 

21 59 32 

1 12 

463 

1604 


II 5 

7 802 

A and C | 






3518 

6 71 

75 

12 0 

7 802 

A and B J 

456 

^ 474 

0 ® Arg "23373 

22 I 2 1 

60 25 

3456 

16 28 

8 

12 

8 668 


457 

02 462 

L 43165 

22 I 48 

35 31 

310 

695 

75 

95 

7780 

A iind C 

458 


ir^ Pegasi 

22 3 54 : 

32 35 

2844 

2740 

5 

12 

7780 

A and B ) 






261 7 

72 62 


10 

7780 

A and 0 J 

459 

2 2869 

Pegasi 129 

22 4 32 

14 2 

2531 

21 23 

58 

II 8 

7780 







2536 

2153 



8698 







2534 

21 82 



8 722 


460 

2 2879 


22 7 18 

62 48 

2283 

091 

80 

80 

8 660 


461 

2 2877 

P XXII 33 

22 8 33 

16 36 

3519 

1051 

64 

96 

8 622 

Proper motion 

462 

^378 

0 * Arg 23808 

22 12 50 

60 16 

904 

3 33 

82 

85 

8C49 

A and B ) 






294 

748 


II 8 

8 649 

A and 0 ) 

463 

H 962 ,, 

30 Pegasi 

22 14 25 

5 II 

186 

6 22 

5 

20 

8594 

A and B | 






2230 

1004 


19 

8594 

A and 0 1 

464 

H 3106 

7 Aquani 

22 15 27 

- I 59 

1296 

4387 

4-5 

13 

8 722 


465 

0 172 

51 Aquani 

22 17 52 

- 5 27 

254 

059 

65 

65 

769s 







249 

035 



7S29 







255 

056 



8 612 







238 

084 



8636 

Distance too large 

466 

0 290 

34 Pegasi 

22 20 30 

3 47 

2144 

2 62 

6 

13 

7695 






220 0 

256 



7717 







221 0 

241 



7818 







2190 

289 



8636 


467 

0 291 

zxii 436 

22 21 39 

3 55 

1600 

042 

85 

88 

8636 


468 

^478 

Lam 4578 

22 23 8 

- 7 56 

326 

I 26 

9 

11 

7 802 

A and B ) 






327 

138 



8594 







2390 

2855 


9 

7802 

A and 0 j 

469 

02 471 re; 

Arg (6°) 5027 

22 23 14 

7 0 



7 


8636 

Single 

470 

2 2912 

37 Pegasi 

22 23 54 

3 49 

1300 

0-32 

58 

72 

8636 

Very difficult 

471 

2 2915 

”W^ xxii 527 

22 26 33 

6 48 

1556 

1240 

85 

87 

7804 



H 3128 

L 44290 



1546 

12 18 



7829 


472 

22 33 34 

-19 49 

2262 

1070 

8 

12 

7701 

Xo change an P 

473 

2 2936 

Aquani 215 

22 36 50 

0 35 

508 

492 

70 

10 0 

7829 

474 

0 176 

Arg (38°) 4848 

22 37 5 

38 40 

420 

250 

87 

90 

7785 

Distance too large 

475 

02477 

L 44497 

22 38 13 

45 24 

1541 

462 

70 

11 2 

8641 

Unsteady 

476 

2 2942 

LAC 793 J 

22 38 40 

38 50 

2794 

2 64 

70 

92 

8473 

A and B ' 






2319 

1092 


12 

7785 

A and C - 






2330 

1095 

, 


8473 

^ AC=i8 4SO 

477 j 

H 301 

f Pegasi 

22 40 42 

II 33 

112 0 

1199 

5 

18 

8 622 






III 4 

1187 



8 625 
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No 


■DoubL fctai 


47S 2 2944 


479 

480 

481 


482 


483 

484 

485 


486 

487 

488 

489 

490 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 

501 


502 


n 3152 

^ 2954 

^383 


^2959 


02 536 
^ 481 

2 2976 


2 2980 
2 2982 
02 489 
2 2987 
^ 181 

2 12 App II 
80 

II 5394 
S 830 
ir 316 

AGO 14 

2 3036 
02 506 
02 509 
2 3046 
^ 281 


^3055 


Star Catalogue 


P XXII 219 
P 44810 
L 44855 

L 44872 


BAG 8001 
3^X11 1162 


57 Pogaai. 
w Cophoi 

Aquani 286 
Aqiiaru 

L 40638 , 

96 Aquaiu 
/c Piscmni 
Aquaru 355 
78 Pogasi 

P. XXIII 179 
L 46645 

1.46703 , 

L 47148 


RA 1880 

Dool 

1880 

Positioj 

Angle 

^ Distance 

Mags 

■Epoch 
1870 h 

Notes 

li m s 

0 / 

0 

n 





22 41 40 

- 4 51 

2528 

388 

70 

75 

7S73 

A and B 

1 



140 8 

4865 


8 2 

7873 

A and 0 


22 48 40 

-10 I 



9 

15 

8633 


22 48 51 

14 33 

274 

37 97 

90 

90 

7 804 


22 49 57 

8 49 

1196 

2 67 

8 

II 

7818 

A and B 




2405 

1525 


n 

7804 

A and C 




240 I 

1593 



7818 



22 SO 55 

“ 3 53 

102 2 

1365 

65 

105 

7804 

A and 3 ? 




102 2 

1390 



7947 





95 9 

831 


12-13 

7947 

B and 0 


22 52 29 

8 43 

161 s 

047 

7 

7-8 

7 760 



22 56 23 

-11 53 

53 ° 

I 31 

90 

95 

7 760 

Near 2970 



SO 7 

I 29 



8622 


23 I 38 

^ 57 

263 7 

8 00 

83 

10 2 

7804 

A and B \ 




263 0 

777 



8625 





188 7 

16 74 


88 

7 804 

A and 0 




1879 

1659 



8 621; 



23 2 58 

- 7 58 

in 8 

438 

72 

102 

7 7';8 


23 3 28 

8 2 

1992 

3248 

59 

105 

7780 

No cliango 

23 4 s 

74 44 

238 

X 28 

44 

* 75 

8660 

Binary 

23 4 49 

48 22 

1644 

368 

73 

10 2 

8471 

Pixod. 

23 7 31 

-14 3 

2349 

1878 

7 . 

12 

7736 

A and C 

23 9 35 

“ 9 44 

34 9 

184 


. 

7695 

Band ) 




2750 

630 



769s 

A and I) ) 


23 12 42 

4 45 

3051 

I 40 

8-9. 

II 

7766 




307 I 

I 09 


, 

7818 


23 13 10 

- 5 47 

23 I 

X008 

6 . 

14 

8 622 


23 20 46 

0 36 

344 7 

156 22 

5 

12 

7780 

A minuto star between 

23 31 27 

-13 44 

927 

33 22 

7 ^ 

, II 

7829 

H 91® 9 • 30^4 

23 37 57 

28 42 

1908 

154 

50 

8 I 

8769 

Mage, by Bo 



1928 

1 69 


. 

877s 


23 39 52 

- 0 24 

2279 

238 

78 

108 

7839 

Fixed 

23 42 32 

35 37 

794 

1809 

70 

103 

7 802 


23 44 30 

42 45 

X06 6 

5 55 

78. 

. 92 

7785 

Fixed 

23 50 IS - 

-10 10 

244 8 

305 

8 0 , 

. 85 

794a 

Slow mofciou 

23 56 38 

r 28 

2140 

119 

75 

n 

7717 

A and B 'v 



220 I 

105 



7942 




335 7 

30 37 


ir 

7717 

A and 0 f 



3360 

3051 

. 

* 

7942 

J 

23 57 SI 

II 29 ; 

3596 

5 79 

70 . 

n 3 

8625 
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Notes to the M%crometrical Measures 


No I. S 3063 

183x5 

1864 8 
1877 9 

No 2 H 1939 

The only earlier observation is by H •— 


The following are all the measures of this pair — 


o // 

2 P = 232 9 D = I 78 

De 223 7 18$ 

/3 223 3 182 


H P = 158 3 D = 3o± 

There would seem to be no change in the direction. Heksciiel’s decli¬ 
nation IS 5' m error. 


No 3 

From an unpublished list of double stars from Professor Pickering, 
Director of Harvard College Observatory. There are no other measures. 


No 4 S 14 

There is but little, if any, change in this pair: 


s 

De 

/3 


P= 235 6 
2364 

2363 


D: 


IS 19 
1427 
1438 


1830 9 
1864 8 
1877 9 



Mr S "W Douhle Sta 7 'Ohm'vnUom made in 221 

No 5 S 15 

This pair was measured because of the smaller angle found by Se 
My measures do not confirm the change there indicated_ 


Sb 

fl 


= 197 9 

D = 4 70 

1831 2 

191 7 

457 

18579 

197 2 

4 61 

1877 9 

No 6 

os 4 



Undoubtedly a binary system. 


02 

02 

02 

De 

ft 


p=206 7 

D = o 59 

18453 

187 6 

OSS 

18540 

172 7 

0 56 

1861 7 

M 

00 

obi 

1865 Q 

155 3 

0 56 

1878 6 

remain nearly constant 



No. II S 35 

Probably fixed, unless there be a slight retrograde motion. The follow¬ 
ing arc all the measures:— 


Dffi. 

a 

P = 268 3 

874 

266 6 

D = 8 69 

7 93 

8 62 

1830 2 
18668 
1877 9 


No. 12. 

De. 2. 



Asa wide pair, this is S 39. The large star was discovered by Di., m 
1867, to be a close pair, and independently detected by Se. There is 'no 
change in the 4 istant star, and no other recent mep.sures of AB. 


Sb 

De 

ft 


P= 237-0 

D = 0 4 

1858*0 

243'1 

obi 

1867 6 

241 8 

VoL. XLIV. 

0 89 

1877 8. 


GO 
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No 13 a CassiopeicB 

The larger companion, C, makes the double star, ¥V i8=Sh 5 = 
H 1993 No measures of distance m Sh. That in Smyth’s Cycle is 


entirely wrong •— 

0 



¥ 

P = 275 4 

D = 54 49 

1782 0 

P 

2798 

61 19 

18548 


279 8 

62 51 

1878 6 


There appears to be a slow increase in the distance. This star is much 
brighter than H.’s 14 m. Sm: called it lol, and Piazzi, 9 m The new 
star, B, IS excessively faint. 


No. 14 S 49. 
Probably a small increase in the distance 


s 

0 

p = 3215 

n 

0 = 4 49 

1830 9 

Db. 

319 7 

s 24 

1865 2 

fl 

3208 

568 

1877 9 


10 

1-4 

6 

OS x 8 . 


Direct angular motion is obvious from the following •— 

Ma 

0 

p = 90*6 

// 

D =3 I 02 

1843 9 

os 

94 7 

I '34 

1855 2 

SB. 

998 

I 13 

1858 5 

De. 

106 2 

I 55 

1866 6 

/3 

116 I 

I 39 

1877 9 

No. 

21 ju, Andromedce. (AO = 

H. 1057.) 


The only apparently accurate observation of distance is that of Challis, 
given by Sm. in the Cycle .— 

o >t 

P=iios 0 = 4919 i842'7. 

The nearer star, B, is very much fainter than H.’s companion. 
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Mr S W Burnham, Double Star Ohsewatons raade %n 1877-78 


No 22. S 76, 

Bnt little evidence of change With the exception of a single observa- 
tion by Ma ^ the following are all the measures_ 

O ,, 

s PssIqSi D = 2 72 18305 

200 1 284 18779 

No. 25. 72 Pzscium. 

I have seen the companion very fairly with the 6-inch refractor The 
only other measure is H , P = 265°-6. 1 ) = 3o''± 


No 26. ^ Andromedoe 0:^515. 

The only other measures of this difficult and interesting system are 
found in Hob Pidhowa OhservaUons. Dr found it single in 1865 and 1867 
The following are the mean results of OS _ 


o 




oy. 

P=309 9 

021 

303 9 

021 

302 6 

021 

267 2 

ft 

273 0 

ft 

272 3 

The last measure made after the 


l) = o 53 

1851 s 

051 

1856 9 

0 56 

1864 7 

obl 

18751 

0 2 

1877 7 

0 28 

i878'8 


foregoing was in type. 


No. 27. /3 235, 

The three wide stars, A, B, and C, with the companion to the latter, 
make OS 24. In 1874 the large star, A, was found with the 6-inch to be 
composed of two nearly equal stars, and a minute attendant to B detected. 
Ihere seems to be no change in the old members of the system. My distance 

of the close pair is certainly too large. By a mean of six observations by 
JJE we have .— ^ 


De. 

O 

li 

0=045 

187s 6. 

other components the same observer finds ; 

0 and c 

O 

P = 48 9 

n 

D = 8oo 

i868'o 

A and B 

287 9 

43 81 

i868*7 

A and 0 

66 9 

60*86 

1868-0 





2 24 Mr S W Buenham, Double Star Observations made in 1877-78 

No. 28 S 95 = H. 324. 

Bb failed to see the companion m 1864-5, I *^73 ^^74 

the 6-inch showed at once the small star There is no indication of motion. 

o tt 

S P = 3I0 9 0 = 1405 18299 

/3 3096 1418 18778 

No. 29 OS 28 
Angular motion is probable 


OS 

p=3244 

D; 

=0 53 

1847 ^ 

Db 

3147 


0 92 

1867 4 

/3 

3140 


0 85 

18787 


No. 30 

H 

1076 



No observations since H , who gives — 

0 " 

AandB 0=1659 D= 4 ± 

A and 0 2580 25± 

The distances are largely under-cotimated H. notes it “ difScult,” 
and I found B very faint 

No 31 Polaris 

Some three years ago the discovery by M Db Bob, of Belgium, of two 
«Tna.11 companions about 4" distant was announced, and several observers 
subseq^uently claimed to have seen them in the described places The alleged 
discovery and verifications were made with small apertures, not much 
exceeding 111 any instance 6 inches After having failed with my 6-inch 
Clark refractor to see the least trace of any star nearer than the old 
companion, I had very little expectation of seeing them with any aperture. 
Polaris was examined once or twice previous to the occasion noted in the 
measures, but the conditions were not particularly favourable At this time 
the air was very steady and transparent, allowing the use of the highest 
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powers Ihere was not the slightest suspicion of any star within the 
distance of the well-known companion, and I have no hesitation m saying 
these supposed new stars do not exist It would he simply impossible to 
overlook auythmg of that description under the circumstances 


No 35 OS 30 

There is probably no change m the relations of the neaier components 
I noticed another very minute companion to B, 154° o 20 "± 


021 

0 

p = 23s 7 

n 

B = 4 62 

1855 7 

De 

240 5 

3 82 

18666 

ft 

238 9 

4 55 

18777 


No 36 5 132 = y IV 130 


The great change 

m this pair 

IS due to proper 

motion Some of the 

measures are — 




y 

P= 27 7 

It 

D = 15 82 

17836 


S 4 

2425 

1829 9 

Dk 

35 ^ 2 

30 99 

18638 

ft 

3546 

3386 

1878 0 


No. 37 OS 32 


The companion, which is famt 

; with moderate 

apertures, was not seen 

by De. ihe large star at one time was suspected to be a close parr. On 

both occasions I found it apparently round The 

following single obser- 

vation by OiJ is all there is lor comparison:— 


OE 

P= 1354 

D==9Si 

1847 2 

ft 

1340 

8 92 

1878 7 


No. 38. 

S 145. 


Very little attention has been , 

given to this pair 

since 1 It has been 

overlooked by all but Ma. There is 

probably no change 

21 

P = 3i6 

D = 11*28 

18328 
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No. 39 S 196. 

The following are the principal measures of this pair:— 


s 

I* = 55 5 

D = 2 37 

1832 4 

De 

57 3 

2 17 

18668 


52 0 

249 

00 


No. 40 £ Trianguh. S 201 

This fine pair has been wholly neglected by recent observers Change 
IS not very decided. 

o It 

S P=ii9 6 I) == 3 72 1S33 I 

/3 116 8 410 1877 8 

No 42 61 Ceti ^ V 102. 


It IS evident that one of the distances of ¥ must be in error. I do not 
find any other measures except the reference in Sm :— 


# ¥ 

P = i9o± D = 34 SO 

1783 2 

¥ 

193 7 37 88 

1783 6 

/3 

193 3 42 71 

1877 9 

No. 43. S 223. 

There is but little evidence of change in the two 

observations since S 

s 

0 n 

P = 48 3 D = 0 65 

1831 0 

02 

519 083 

1847 0 

a 

SO 7 0 78 

1878 7 

The nearer star, 

No 46. 0 Cet% (Mira) 

B, between A and C has not 

I before been observed 

There is but little change in ¥’s companion. 

0 

g: P = 92 5 D= 11460 

1782 6 

p 

849 1179 

i8s6 I 

[i 

82 8 ITS 62 

1877 8 


The new companion is very faint 
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No. 48 

84 Ceti S 295 


There is certamly 

some change in angle, but the distance remains 

nearly constant Some of the measures are •_ 



0 

P = 334 6 

D = 48 s 

1831 9 

De 

3247 

463 

1864 0 

ft 

3243 

4 73 

18779 


No 

49. S 293 


Motion in angle and distance 

IS clearly shown 

The following arc all 

the measures;—- 




N 

0 

P = S 75 

■D = 66i 

18309 

Ma. 

68 6 


1852 6 

Db. 

71 2 

767 

1866 I 

Gt 

71 0 

77 

18740 


75 3 

830 

18786 


Dll. 111. 1867 6 found, tlic com.p£iiuoii invisible. Tbe choinge is probably 
due to i)roper motion. 

No. 50. S 303 

Attention was called to this pair from the change shown by the measures 
of Sk. Tt 18 not confirmed by my observation :— 


O // 


>2 

P=i8o6 

JD = 5 65 

1831 2 


1769 

5 S 4 

^8585 

ft 

I8I 9 

587 

CO 

00 


No 52. 

r/ Persei 



There are several distant companions to this weU-kmown pair, one of 
which was found to be double by Mr. I. W. Waed, of Belfast, with an 
aperture of only 4*2 inches Most observers will require ^ larger instru¬ 
ment to even glimpse it. There is a 13 m. star about 20" from C in the 
<lircction of 228°’2. 





228 Mr S W. Burnham, Pmibk Star Obscnmtions made in 1877-78. 

No 53 2 310 

H m 1827 noted this pair as “ not seen double ” There are no other 
measures smee 2, and no evidence of change:— 

O >r 

3 P = 86 3 D = 2 54 18321 

/3 87 6 2 62 1877 9 

A new pair in the field will be found in the list of new stars (¥0 523). 
No. 54 02 46 = H 656. 

This star has a closer component, De 73° 9: 4^80 (1869-9), not 
mentioned in 11. 656, and the star measured, which makes H’s pair, was 
not seen by 02 The angle was not measured by H 

No. 55 T Persei. 

My attention was called by Mr I) W. Edgecomb to the small star, B, 
m measuring which a still fainter attendant was detected near B. On 
this occasion it was too difficult to attempt measures of distance 


No. 56 2 330 

The only measure since 2 makes the distance decidedly less 
recent measures do not substantiate any change in distance or angle — 


The 


3 

Ma 


■ 191 I 
192 4 
191 5 


D: 


^878 
7 66 
8 69 


1832 7 
18440 
i877'9 


No. 57 2 332 

It seemed probable that there was an error of 20° in the angle of Ma., 
and my observation confirms this supposition There are no other measures 
recorded since those of 2 — 


3 P = 52 9 

Ma 33 2 

/5 53 4 


tt 

D = 12 68 i83I'4 

12 o 1844 I 

12 52 1877*9 
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No. 59 

5 355. 


Change is at least doubtful 

0 

S P=i 48 9 

If 

D = 2 75 

1832-5 

Se 142 6 

2 65 

1857 X 

^ 147 8 

2 64 

1877 9 

No 61. 

S 358 


This pair has been entirely neglected of late 

years 

nro probably relatively fixed.— 

2 p=349 2 

D = 15 22 

1833 I 

^ 3503 

1559 

1877 9 


No 63. 94 Oeti. H. 663. 

ihis fine unequal pair, from its difficulty or some other reason, has 
been avoided by all previous observers, except De I have seen the 
companion with the 6-inch several times, but it is a rather severe test H, 
only estimated the angle and distance De. calls the small star 11*5 m. and 
notes it, “ very difficult.” Giving the estimates of H. their usual accuracy, 
there is no great amount of motion:— ’ 

0 u 

P = 255± D = 6± 

2531 509 18710 

2509 5 73 18780 

No. 66, Tauri 39. S 430. 

A and B are relatively fixed, but the distance of C is less than found 
by There are no other measures:— 

o t! 

2 P = 30i'9 D = 39-40 1831*2 

Db. 3oro 37-76 1863 r 

3010 37 74 18780. 

Is S’s distance a mispnnt for 37"'4o? 

Rot. Asteon. Soc. Vox XLIV. h h 


H 

Db. 

/3 
















230 Mr S W Burnham, Double Star Observations made in 1877-78 

No. 68 OS 61 rej. 

An elongation of this star -was suspected by OS in 1842, and a 10 m. 
star at i"-2 suspected in 1844, but it was rejected in the revised Pulkowa 
Catalogue of 1850 It was readily seen and measured by De , and OS 
suggests a possible variability in the light of the small star. I found it as 
described by De The following are all the measures:— 

O ff 

Db P=i25‘9 D=i93 18670 

/3 127 8 187 1877 9 

No 69. S 449 

As the only measure of this pair made since S showed some variation, 
it was measured by me on two occasions There is but little evidence of 


change.— 


0 

N 


s 

P = 330 9 

B = 6 79 1832 2 


Ma 

326 8 

6 0 1843 ^ 


« 

33 ° 8 

694 1S779 



No. 70. Adas Pleiadum. X 453 


The observations of S show this star to have been a very close pair m 
1830, All observers since, including Da , De., Se , and many others, have 
mvariably found it single I have examined this star many times in the 
last five years, with the 6-inch, under very favourable circumstances, and 
always found it perfectly round. With the 18^-inch, on this occasion and at 
other times, it presented the same appearance The observations of S made 
the change quite rapid, and if really double, it must have been apparent at 
some time during the last fifty years From all the evidence, I think it is 
more than probable that the elongation measured by X was not real. 

No. 71. 30 Endani H 338 

Db. suspected an elongation of the principal star in 165®, but I found 
it apparently round H called the small star i7m,WN 9-10, and Db 
10 5. I always found it very easy with the 6-inch. Not measured by H , 


and the following are all the measures since .— 


Wn 

0 

P=I36 8 

t 

D = 8 28 

1863*8 

Db 

135 3 

817 

18644 

/3 

^■353 

834 

1878 0. 


Mr S W Buukham, Double Star Ohsei'vations made in 1877—78 


No 72 5475. 

No other measures since % Some change in angle is probable. 


P= 159 


D = 7 48 


1831 o 
1877 9, 


No. 74. OS 531 

According to OS this star has the same considerable proper motion as 
50 D&rsei, 12' distant Relative motion in the components seems well 
established I found a new pair in the field, closer and much more difficult 

It is No. 545 of the preceding hst of new pairs. The following are all the 
measures of OS 531:— 


D =330 

2 75 
2 60 


1855 s 
18759 

18786 


No 77, y. Derm. OS 73 

There is a distant star, sjk, which makes ^ YI. 20 and Sh. 364. A 
faint star sf is nearer than this The closer component is very mmute, and 
was not seen by De. The only measures for comparison are:_ 


0 = 1507 
14-88 


1851-1 
18781. 


No. 78. OS 77 

This IS undoubtedly a binary system, but at all times so difficult |hat 
the measures are rare. The following are all the measures.— 



0 

if 


os 

P = 338-2 

D = 0-37 

1846 I 

Ma 


035 

1846 I 

Ma 

337 3 

03 

1852*2 

Sb. 

250’± 

.Allang. 

1859 0 

Dn 

Pas du tout juesurable 

1867* 


2493 

0*44 

1878 5. 




















232 Mr S W Burnham, Double Star Observations made in 1877-78. 


The distant companion (02 41° 7 56''’49; i847’2) I strongly suspected, 
on the occasion of the first measure of AB, to have an excessively minute 
star about o" 7 distant in the sp quadrant I was not able to see it after¬ 
wards, under tolerably favourable conditions, when the close pair was well 
separated, but nevertheless I believe it exists, and that it will be yet seen 


No 79. \o Dndam 2518 

One of the most mterestmg of the stellar systems, from the large 
proper motion, and the physical relation of the distant double companioi^ 
with the principal star. Like many others, this has been neglected by double 
star observers until recently My last measures were made after this work 
was in type The following are about all the measures of A and B — 


^ P: 

= 326 7 

D = 4 08 

17831 

2 

287 7 


18251 

OS 

1558 

3 91 

18512 

OS and Wn 

1447 

438 

18661 

OS 

1370 

427 

18738 

De 

127 0 

427 

1877 7 

/3 

128 2 

392 

18778 

OS 

129 2 

3 61 

18778 

/3 

1254 

366 

1879 0 


The distant star I have measured does not partake of the proper motion 
of A. The only measures are — 

o n 



P = 185 0 

D = 75 85 

1864 8 

Plm. 

0 

00 

M 

37 2 

18771 


145 S 

37 10 

1877 8 


1373 

35 99 

1879 0 


No 82 2 547. 

This pair has not been measured or seen by anyone since 2 . De failed 
to see the companion in 1865, and it was invisible with the 6-inch in 1873, 
1876, and early m 1877 The change is very decided The last is a mean 
of four later measures:— 


2 

/3 


P = 344 3 

9-8 

14 o 


D = 4 25 
2 46 
2 25 


18314 
18779 
1879 o 
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No. 83 80 Taun. S 554. 

For several years this has been a very difficult pair, and generally 


too severe a test 

for tlie 6-inch. 

The change is 

principally 111 distance 

There are no other recent measures • 

— 


23 

0 

P = 12 9 

ft 

D=: I 74 

1831 2 

OS 

84 

I 61 

18518 

Dl 

7 2 

X 23 

1863 0 

Hd 

47 

0 75 

1868 I 

a 

70 

0 60 

1878 0 

Undoubtedly a 

physical pair, as 

the two components have a considerable 

common proper motion 



No 84. X 571 = 

= 1^1 III 95 = H 

345 

Probably unchanged Apparently an error 

of 10° 111 angle of Se. 

There is a faint distant star, 200° 3 : 

46"-6 (1878 0), 

.— 

¥ 

0 

P = 260 7 

ft 

■D=iS 3S 

1783 7 

s 

2587 

1784 

1830 7 

Sis 

268 9 

17 54 

1858 0 

d 

258 2 

1730 

1878 0 


No. 85. 2 596. 


The measures indicate a slow direct motion. 


s 

0 

P = 280-8 

n 

D = II‘I2 

1831-1 

De. 

284-3 

10 28 

1865 7 

Gi 

283 s 

10 4 

1874-0 

[i 

287 3 

107s 

1878 0. 


No. 86 2 609 = H. 686. 


De. found it sin 

igle m 1865, and I failed to see it with the 6-inch, under 

excellent conditions. 

, m 1874. On 

a later occasion, 

however, it was v^rv 

plain There is only my observation to compare with S •_ 

a 

u 

P==82 I 

D = I 93 

1832 I 


756 

2 70 

1878 I. 



^34 Mr S '^v'KS'H.AM, DouUe Star Ohsennhom made in 



No 87. 

S 607. 

De m 1866 notes, “Ancun satellite superieur d ii'5,” and I could not 

glimpse it with the 6-inch in 1873. 

The stars seem to he I’elatively fixed 

s 

P = 249 9 

D = 14 21 18311 

H 

24S 0 

(6tli Catalogue ) 

ft 

2303 

1412 1B779 


No. 89. 5 Aungce 0 % 92. 

Probably a binary system. 

n 


Da 

P= 2333 

D = 2 92 1847 I 

OS 

2301 

2 78 1849 1 

De 

2413 

2 82 1867 4 

ft 

2474 

2 78 1878 0 


No, 91. OS 100 = H, 693 

The change, if any, is slight. This pair was not measured by H.:— 

OS 

P = 247 2 

D = 4 32 1848 5 

De 

249 8 

409 18674 

OS 

2533 

4 26 1871 2 

ft 

248 8 

3 80 1878 I 


No. 92 

os 517. 

A minute star 

discovered by 

Professor Hall with the Washington. 

26-inch. The only measure to compare with is — 

Hi, 

P= 131 6 

D = 6 70 1876 I 

The large star 

IS a close pair 

(OS 517), but seeing too poor on this 

occasion to measure it 


No. 93 a Aungce. (g; VI. 30 = H. 2256 = Sh. 51 ) 

B IS a faint star 

nearer than the old companion. Subsequently a still 

nearer attendant was 

detected, 317° 

5 :78"-i7 (18789) 


0 

P= 1514 

D = 169 10 1783 6 




2^5 


Mr ki W Double Star Ohseroations made in 

The change is probably due to proper motion I am not acquainted 
with any modern measures. Sh. connect a very distant 9 m stari 

No 95. r Ononis. (AB = lyt Y 25 • AC = H 2259 ) 

I found companion, B, double with this instrument There appears 
to be no change in B and C •_ 

o „ 


= 493 

D = 3 77 

1876 2 

B& 

250 I 

35 98 

1876 2 

AB 

598 

35 97 

1876 2 

AC 


There may be an error in reading my first angle of the small pair. 
The new star would be at least 16 m of H’s scale Ebgecomb sees it well 
with 9-4-inch H. gave the angles of B and C, 250 4 and 63° 8, respectively 

No 96. Ononis 82 (AO = ^ IV. 87 =S 475 = 692 ) 

The large star was found to be a close pair with the 6-incli in 1874. 
The only other measures of this are by Be The following is a mean of 
his four observations, and a late measure of my own •_ 


<5 ft 


Oe. P = 355 3 

D = 0 61 

1876 I Mags 79 .87 

ft 39 

050 

1878 1 

There is no change in the wide pair. 



hi 

II 

0 

tt 

D = 34 86 

1831,5. 

No. 97. 

Ma. I. 



The first of a short list of new pairs by Ma. m Dorpat Observations, 
(Vol. xi.) The distant star not in Ma. . ’ 

O if 

Ma P = i58 8 0 = 3,20 18432 

No 98. S 693; 

No other measures smce S. Probably unchanged 

o ft 

' S P = 89 0 = 365* 183X 

^25 3,37 18779 
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ISTo 99. 115 Tauri. OS 107. 

Probably fixed, unless a small advance in tbe angle. 

o // 

os P = 304 9 D = 10 15 1849 5 

Db 307 6 9 89 1867 9 

j 3 308 4 1018 1877 9 

OS speaks of a third star, smaller than B, in about 335°, which I did 
not see on this occasion, with full moon. 

No. 100. 114, 0, Tauri. (AC = 9 N ii5-) 

No measures in H , and nothing since, but gives for AC:— 

o // 

]|[ P=I92 1 0 = 5157 17837 

There is a faint 5" pair in the direction of 218° 5 

No. loi jS Leporis 0 320 

The angular change of this pair is very apparent each year since its 
discovery in 1874 The annual motion appears to be about 10°. The 
distance seems to remain unchanged. The following are the measures ot 
each season:— 


o " 


/5 

P = 269 I 

D= . 

1875 00 

Db 

267 I 

2 89 

1875 II • 

Db 

268*4 


187s 08 , 

Di 

2799 

2 71 

1876 07 ' 

De 

280 2 

2-86 

1876 08 

He. 

279-7 

3 12 

1876 II 

De 

2888 


1876 76 \ 

De. 

289 3 

2 91 

1876 78 

OS 

287 2 

2 67 

1877 09 

Hl 

b) 

00 

00 

316 

1877 10 1 

|3 

289 4 


1877 10 / 

De 

293 6 

306 

1877 15 

Shp 

282 4 

2 75 

1877 19 

Db. 

2944 

3 01 

1877 76 


to 

00 

00 

00 

268 

1877-89 / 


i 


1 i I; 
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No 102 32 Onoms S 728 

Probably a physical pair. It is now a difficult pair, and apparently 
closing up. Some of the measures are _ 


217 8 

1)=: . 

1782 0 

203 7 

I 04 

18309 

205 I 

0 89 

18449 

192 2 

Con 

1863 3 

189 2 

059 

1874 2 

T96 2 

045 

1878 0 


No. 103. a Leporis, H 3766. 

There is no change in the angle of H’s distant companion. 

o n 

H P=iS 48 

^ ® I 35 66 1877 I 

^ ^^54 8 3602 18779 

No 104. Oiionis. S 748. 

There is but little change in the small stars, although some of the 
the^fX^mr^^^^ discordant. The present measures may be compared with 

Fifth Star. 


P== 353 <5 
350 X 
3 S 4 3 


S 0 = 386 
r 4-27 

( 4 02 

Skth Star 

n 

' D = 3 62 

' 3 73 

396 

3 74 
398 


1832-5 
1863 3 
1877 9 


1844-7 
18588 
1867 o 
18779 

1878 o (14 nights) 


“ ' . - - V-t 

hevcrol observers have seen, or believe they have seen, other minute 
stars m the trapezium, most of them using comparatively smaU aper- 
Koy. Astron. Soc A^ol XLIY. 


238 Mr S W. Burnham, Dovhle Star Ohservations made in 1877-78 

turee. While making the measures given above, and at other times^ 
under very favourable conditions, the interior of the trapezium and the 
vicmity of the principal stars were carefully examined There was not the 
slightest suspicion of any additional stars If the sixth star itself had been 
double, with a distance of i"o, it could not have been overlooked I have 
very little faith in the real existence of these suspected stars after the 
failure of this and other large refractors to show them. It is wholly im¬ 
probable that they should all be variable in such a manner as to render them 
at all times invisible within the last few years. In regard to the alleged 
variability of the fifth and sixth stars, I can only say that they have always 
been readily seen with my 6-mch glass in the last six years when the 
atmospheric conditions were suitable. So far as my own observations go, 
there appears to be no evidence of change in the light of these stars. 

Ko. 106. 45. 3321. 

The five principal stars constitute H. 3780, given in H. as “ Classes 
6 and 7,” without measures. Together they are just visible to the naked eye, 
and rated by Hbis, 6-7 m. Two of these stars were found with my 6-inch 
to be close pairs. The minute star, was added by Hl 

No 107. S 782 

The change is probably due to proper motion 


s 

P = 309 4 

D = 36 16 

1831 3 

Db 

3o8'6 

38 66 

1866 7 

/3 

3079 

39 44 

1877 9 


No. no. 

OS Tig. 


following are all the measures 

:— 


Ma 

P = 306 4 

D = oSS 

1843 2 

OS 

3039 

0 64 

1848 6 

Db 

3167 

0-50 

1867 6 

Db 

3163 

o‘6o 

1873 9 

I 3 

3154 

0 69 

1878 I 
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Mr S W Btjenham, Double Star Observatio^is modem 1877—78. 

No. 113 V Aurigce V 90. 

In the collected list of aE the double star observations of the 
position angle is given 331=8 In the way then employed of reckoning 
angles, this would correspond to 61° 8 Assuming the quadrant to be np., 
as It certamly was, the agreement is complete In this, as in many other 
instances, the measures of Sm. m distance are altogether wrong. There is 

no other evidence of any change. Correcting the angle of 9 as above, the 
measures stand:— 


P = 208 2 

®= 53 72 17832 

201 9 

85 0 1833 7 

207 0 

54 97 18778 

0. 114. De 

10. (AC = S 808 ) 


jLijE. Ill 1009 ixiere 
^’s. companion The only other measures of AB are by De. 


P= 1645 
164 8 


D =r 2 72 
2 56 


1871 7 
1877 8. 


No. II6. a Ononis (AC = ^ VI. 39.) 

The new star is something less than half the distance of ^?’s. companion. 
I he mean value of the measures is •_ 


ft P = 348 0 

k single measure of C was made: 

jy; P=i52 3 

ft 152 3 


I> = 77 S 9 18779 


D = z6i 77 
1747 


1786 9 

1877*9 suigle distance. 


No. 117. S 503. 

The change in AB, from proper motion, is very remarkable. 


® P—1341 D = 39 94 18251 

1203 823 i873'8 

1186 y 07 18752 

(See I)e., Astr. Nach. 2045.) The star I have measured is much nearer 
than C of S., and rather faint. 
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No. 118, OS 121, 


A close 

and difficult pair 

Db suspected elongation 111 190° 

There is some change in the 

angle. The 

following comprise 

observations:- 

0 

It 



Ma P = I99 o 

II 

0 

» ■ 

1843 3 


023 191 4 

039 

1849 6 


185-3 

032 

1878 I 


No 119. S Aurigce. 0^545 

There are two distant stars which make 9 V. 89 = y VI, 34 = Sn 68. 
The close star forms one of the recent additions to the Pulkowa Catalogue. 
The only measures are:— 


P = S 5 

De 32 

38 


0=215 18714 

2 05 1875 9 

1 90 1878 o 


As a 6-incli aperture shows the small star perfectly, it is a little strange 
that it should have been so long overlooked. There seems to be some change 
in the distance of C — 



p = 286 0 

= 35 30 

1783 7 

De 

292 4 

45 27 

1875 7 

ft 

292 7 

45 51 

1878 0 


No 121 

S 826 


Some change in 

both anile and distance 



0 

If 


2 

P= 115-5 

CO 

II 

1833 4 

Dk 

122 2 

2 22 

1867 4 

w.s. 

128 0 

1*77 

1875 2 

ft 

X 25 7 

2 x8 

1877 9 


No. 122 

^ 848 * 



The stars measured by S a )pear to be relatively fixed. The small star 
is nearer than C and D of S. The only other measuie is:— 

0 n 

Du Ps= 296 5 0=1516 1872 2 





Mr S W. Burnham, Double Star Obser 


241 


"vattoiis made in 1877-78 


iMo 124. Zf 903. 

No other measures smce S. The small difference m distance is hardly 

sutncicnt to mako any chango probable 

o // 

2 P = 294 3 

^ 2943 


® = 23 32 

22 73 


1829 7 
1878 2 


S 

Se 

De 

p 


No. 125. X 910. 


»n IS probable 

0 


= 1709 D = o67 

18295 

1656 06 

1857 1 

165 6 07 

1869 1 

1625 

1878 2 


No 127 X 943 = S. 527. 

The considerable movement shoivn here is probably due to the proper 
motion of the larger star. 


N 

Ma 


P= 165 9 

D =: 15 46 

1829*7 

152 8 

16 40 

1844 2 

148 s 

18 00 

1864 7 

147 4 

1965 

1878 2 

No. 128, 

H. 397 



11. records two companions, 30V : 25"±, and 5o°± : 4o"± with 
magnitudes 19 and 13 respectively, which was overlooked in making the 

measure, and the other companion not sought for The one measured is 
smaller than 13 m ofH. 


Sb. 

Da 

/3 


No. 130. 
sll marked. 

^ 955 - 

0 

!* 

== 272 6 

D=o88 

276 3 

I 09 

2C7 4 

1 0 

272 2 

I 00 


1830*6 
1857-1 
1869 s 
1878 I 


No change in the third star, C. There is a faint star about 15^' s, of it 
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No. 131 o:^ 154. 


Tlie distance is steadily diminishing in consequence of the proper motion 

of A. 



0 

n 



OS 

P = 136 3 

D = 30 28 

1848 8 


OS 

131 5 

29 28 

1861^3 


De 

131 7 

28 76 

1867 9 

jt 

De 

129 2 

27 78 

1877 3 

- 

; 


129 0 

27 77 

1878 0 

1 s 
< 


No 132. 

os 155- 


i , 

-'i f ' 

The movement is 

apparently rectilinear. The 

distances in my obser- 

z' 

1 

vations appear to be too small:— 



f , 

Ma 

0 

P s= 260 0 

ft 

D=I3 6i 

18433 

‘J ' • 

02 

262 I 

1491 

18545 


De 

260 4 

1530 

18678 

’A 

1 A' 

Fim 

261 0 

16 10 

1877 8 

* 

ft 

259 7 

^5 07 

1878 I 

,11 

,1 


No. 133. Sinus. A.G.C. i 


;■ 

For comparison ■we have measures with the Washington 26-mch— 

'1 '7 ! 

ft 

0 

P = 524 

ft 

D = 10 83 

1878 0 

i 

1 

Hl 

51 7 

10 76 

1878 2 

I 


No. 135. 

A C. 4 


‘ 7 

The following are 

all the measures:— 


f 

J 

0 

P = 286 5 

ff 

D==i db 

1858 I 

l')' 

0 S 

290 8 

0*93 

1877 I 

, 'If , 

ft 

295*4 

X 10 

i878’o 

; I 
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Mr S. W Burnham, Douhls Stctv Observations made in 1877—78 


No. 136. 15 Lyncis. OS 159, 

A binary system in rapid motion. It lias been very carefully and 
regularly observed at Pulkowa •— 


o n 


P = 323 4 

D = o 53 

18440 

341 6 

049 

18593 

354 9 

Obi 

1867 9 

361 0 

0 48 

1878 I 


The third star, C, is not mentioned in any of the earlier observations 
It is a very faint object 


No. 137 OS 160 


Noted by Dn. in 1867, “aucun compagnon,” and my 6-inch failed to 
show it under excellent conditions in 1876 The following are all the 


measures:— 


-- --.-Q WV*. V VUV/ 

0 

Ma P = 154 7 

ff 

D== I 0 

i 843'3 

OS i67‘x 

1*26 

1848 2 

1742 

143 

i878-i- 

No. 140. 41 Geminorum, OS 162 ry 


Rejected in the revised edition of 1850 of the Pulkowa Catalogue, and 
not measured by OS. De. could not see the companion in 1866, and it was 
beyond the reach of the 6-inch when examined by me in 1875. There is 
but a single observation prior to my measures. If both sets are reasonably 
accurate, the change is very marked. 

0 tf 

Ma P=i64'9 D=I35 18433 

iS 4'8 20 98 1878 2 


No. 141 s Canis Majoris. 

The measures are very discordant, largely due, perhaps, to the low 
altitude of the star in northern latitudes. The foUowmg are aU I have been 
able to find •— 
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o ft 


Macieak 

P=i6o6 

D = 7 48 

18501 

Sio 

159*3 

7 IS 

1836 I 

Se 

155 I 

5 20 

18663 

0 s 

162 0 

7 65 

1877 I 

ft 

160 2 

7 42 

1878 2 


Probably witbout change. 

No. 143 45 Gemmorum. 0 % 165 

A system in rapid angular motion, with a slow decrease in distance 
The companion is so minute that it was not seen by De in his measures of 
the OS stars Under the best conditions it was invisible with the 6-mch in 
1875. The only measures prior to mine are those of OS. 


o It 


OS 

p=130 7 

0=387 

1847 2 


1193 

3 35 

1856 7 

OS 

897 

2 89 

1870 2 


781 

245 

1878 I 


The change is probably due to proper motion 

No 144. S 1031. 

No other measures since S, probably unchanged H. added a 14 m 
star, I2"± distant The conditions were not favourable enough on this 
occasion to measure it. 

0 n 

S P=2Si6 0 = 380 18312 

ft 2483 333 1878-2 

No 146. S 1058 

De. could not see any companion in 1865, and on three occasions in 
1874-5 I failed with my 6-inch All the stars in the yicmity were carefully 
examined with the large instrument, but nothing found agreeing with S’s 
description, or likely to be his pair S gave the magnitudes, 8’2 and 11 7, 
and as the distance is considerable, an aperture of 6 inches should deal with 





Mr. S. W. Btonham, DovhU Star Observatiom made in 1877-78, 245 

It readily. If there is no error in the assigned place, this would seem to 
turmsh an instance of the real disappearance of one of the components of a 
double star, and perhaps the only instance on record The only measure 
since 5 IS a single observation hy Ma_ 

0 

2 P= 282 7 D= 23 78 18322 

^ 2830 2247 1844-1 


No. 147. Canis Majoris 164. S 1064. 

An uninterestmg pair, and now measured for the first time since S. 
there is no material change 


2 P =237 7 

239 6 


© = 1520 18312 

i4’9<> 1878 r 


No 148. S 1074. 
A binary system in rapid movement. 


o 


2 

P== 115*3 

02 

X 29-4 

Db 

135 9 

WS 

1342 

a 

140-0 

I noticed two minute 

stars, ri''*8 : 

placed in the list of new pairs. See 


D=:o 47 1831*5 

o 6 x 1852 2 

Obi. 1863*1 

° ^5 1874 I 

071 18780. 

I ’9 and 94°'5 : 12''+. (Inadvertently 


149. 2^, 1071. 

The distance is steadily mcreasing. With the exception of two obsef- 
vations by Ma., the following are the measures:_ 


3 

Dh. 

02 

13 


I* = 357-3 

5 0 
T 1 
73 


Ror. Astbok Soc. Yoi. XLIV. 


D= 15 52 
15-87 
16*18 


1829 7 
1867*3 

1874*3 

1878 0. 


KK 
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No. 150. S. 1081. 

Slow angular motion, with but little change in distance. 


0 ff 


2 

P= 2i6‘i D = I 33 

1828 9 

De. 

224 6 I 46 

1867 8 


226 I I 36 

1878 I 


No 152. y Cams Minons. 



The small star is given in the Munich Observations, but has not been 
measured smce by any other observer:— 

o / 

Mu P = 247 3 D = 34 62 1836 3 

^ 243 2 32 60 18781 

No. 153. ^1097. (AB=s0 332.) 

In 1875 I found the principal star of S 1097 to be a close pair D is 
mentioned by H., but not in S, and there are no other measures. No change 
in S’s pair, AC The fifth star, E, is very faint, and has not been before 
noticed. 


No. 154 H 760. 

H. says, “the small star a minimum visibile" and estimates, 36o°± : 
3o"± The companion is about what I have called, 12-13 


No. 155 OS 175. 


There seems to be an mcrease m the distance, hut the angle remains 
about the same as when first observed. 


o // 


02 

P= 3338 

D = 0 40 

1847 6 

Da 

3294 

0 Sih 

18543 

De 

332 I 

0 81 

1866 8. 
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262 3 

D =56 59 

1836-7 

294 9 

458 

1863 2 

311 8 

44 59 

1874 0 

317 3 

44 62 

1877 8 


No 156 Procyon. 

The distant attendant was detected independently by Talmage and 
Dawes, but it had been seen and measured a long time prior, as will appear 
from the measures given below The change is due to the proper motion of 
the large star •— 

O // 

Mu 

ROMBEUa 
Ne 
/3 

When the last measures were made, and at other times, Procyon was care- 
fully studied with all powers, but with no suspicion of any nearer star. 

No 157 X 1142 

There is certainly motion, probably rectilinear, but the measures of the 
last 20 years make the distance about the same _ 

O ft 

s 

Db 

ws 


This pair was measured by X in his first observation, but not seen on 
tliree several nights later, and it has never been seen since, although re¬ 
peatedly looked for by De in 1863-4, and by myself in 1874-6 The 
failure of X to find it shortly after his measures is tolerably satisfactory 
evidence that there is some error in the place of the star as entered by him 
I could not find anything in the immediate vicinity agreeing with his 
description* 

No. 159. 2 1152. 

The only measures are given below:— 


P = 27S 9 

T) = 24 36 

1829 5 

262 0 

22 83 

1863 4 

258 : 

22-8 

1874 2 

254 S 

22 84 

1878 2. 

No, 158. 

2 1143. 



s 

o.s. 

|3 


P = 312 9 

3135 
314 I 


D = S 81 

645 

6-05 


18307 
1876 o 
1878 2 








248 Mr S. W Buenham, Double Star Ohservatumh, made m 1877-78 

No 160 S 1154 
I find no other measures after S — 

o tt 

^ P = 357 9 D = 2 26 

/3 352 9 2 41 

No. 161 9 Argiis 0 101 

The measures present some evidence of angular motion, but the 
discrepancies may be due, to some extent, to the difficulty of the object. 
The measures of De. are a mean of three observations — 

o n 

Db P = 289 4 0 = 051 1875 6 

/3 302 6 o 41 1878 2 

No 162. 02) 183 rej. 

No other measures except A single angle by Ma of 14° 5 (i843’3). 
Companion not seen by Db in 1866. 

No. 163 Cancri 2 1171. 

Except Ma , De is the only other observer who has measured this since 
S From a comparison of the measures, my angle appears to be too large:— 


o n 


s 

P=3386 

D = 2 8 o 

1828 9 

Db 

330 I 

2 49 

1864 8 

ft 

3338 

2 93 

1878 I 


No 164 

^ 1175 



Very decided change in angle and distance It has been neglected since 
except by Ma. and De .— 

o /' 

S P = 204 6 0=237 18312 

De 217 8 2 07 1866 8 

/3 222 5 I 81 18781 


1827 7 
1878 2 
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No 165 

S 1213. 

There seems to be a 
the measures.— 

diminution in 

the distance. The following axe all 

s 

0 

P = 327 6 

n 

D = 8 43 1830 9 

De 

3240 

7 24 1867 7 

ft 

325 I 

7 43 1878 2 


No. 166. 

S 1216. 


The physical relation of the components of this fine pair seems well 
established Some of the epochs are.— 

O „ 


s 

P = 115 2 

D =045 

1831 2 

02 

1394 

049 

1851 3 

De 

1511 

Obi 

18633 

W S 

1693 

04+ 

1873 2 

Ql 

167 0 

05 

1873 2 

ft 

1588 

061 

1878 2. 


No. 167. OS 

193 = H. 447. 


Probably without sensible change. 



02 

0 

p= 295-1 

// 

D = 14 20 

1851 0 

De 

295 7 

13 64 

1868 1 

ft 

298-1 

1417 

1878-0. 


No. 168. 

s 1230 


A slow increase in distance, with little or no change in angle. 

2 

0 

P = 194 I 

n 

D = 28 00 

1829 ^ 

Du 

1924 

2925 

1864 0 

Gi 

1930 

30 8 

1874 2 

ft 

192 7 

29 90 

1878 2. 

Error of i " in 

Gi. ? The distance for >1874*: 

2, ‘ on the basis of the 

measures of % and De 

, would be 29"-76. 














250 Mr S W 'J^xs^xsrB.^.'u, DmUe Star Ohscriahom made 


Xo. 170. 2; 3119 

There is but one other observation since S. The motion appears to be 
rectilinear — 

o ft 



P= 213 6 

D = 24 82 

1830 2 

De 

214 2 

25 98 

18654 

ft 

215-9 

26 21 

1878 2 


No 171. 

3 Cancri. H 

457 


The chanpje is attributable to the proper motion of the principal star. 
During the total eclipse of the Sun of July 29, 1878, I saw this star very 
distmctly through the corona, at a distance of about 1 2' from the Sun’s limb. 


The following arc all the measures of H’s companion 

The observation of 

Sm is entirely erroneous — 



0 

MtJ P = 123*8 

A DeoL 27 94 

1836 I 

Lasseli 121 I 

P = 45 82 

18523 

ft ii 3'9 

41 08 

1878 2 


No. 172 zUydrae. S1273. 

The third star, which is very minute, was detected by Hn with the 
Washington 26-inch, I do not know of any other measures. OS suspected 
an elongation of the principal star in i860. I could not see any traces of 
duplicity on this occasion 


No. 173. S 1281. 


The change is evidently due to proper motion:— 

0 If 


2 ¥ = 3296 

De 323'8 

, ft .321 3 


D = 25 02 
2947 
31 18 


1833 5 
18645 
i 878 ’i 


No. 174. p IJydm. A. G-. C. 3. 


A minute attendant detected by A G- . 0 . with the McCoemick 26-inch. 
I know of no other measures. The mean of my three measures is:— 


ft 


O !• 

D =s 12 40 


P == 144 9 


1878 0 
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No 176 

S 1327 


Only measured sincE S by Db — 




0 

P = 81 4 

n 

D = 16 13 

18313 

Db 

80 2 

14 08 

1863 3 

ft 

778 

X3 47 

18781 


No. 177. 

^ 1329 


Another instance of rectilinear motion. 



0 

P = 245 7 

// 

D = 27 19 

18343 

Db 

247 3 

23 73 

1864 7 


248 4 

22 84 

1878 I 


p 

00 

^ 3121 


One of the most interesting and rapid of the binary systems Dobeuck 

(1877) finds a period 

ol 37 03 years 

This pair 

has been carefully and 

systematically measured by OS and De 

My distance is certainly too large. 

It was estimated at the time o"*25, and j 

as the stars 

were just in contact with 

the high power, this estimate cannot be far out of the way •_ 

E 

0 

P = 20 0 

ft 

D = o85 

1832 3 

OE 

2435 

0 40 

18403 

OE 

228 6 

0 42 

18503 

Db 

189 6 

068 

1866 2 

Db 

2105 

con 

1872 2 

Db 

214 9 

obi 

1874 2 

Db 

251 9 

oval 

18753 

/3 

185 2 

036 

1878 2 


No. 181. OS 207 

All error in the distance of Ma, would seem probable, as the angle 
must be increased 180° Possibly some other pair may have been 
observed for this:— 

o 


Ma 

Db 

/3 


P = 146 s 

322 6 

323 2 


D =; 16 05 
19 06 
19-24 


1843 2 
18675 
1878 3. 








252 Mr S W. Burnham, Double Star ObservaUo^is made m 1877-78. 

No 183. Z Sextantis A. C 5 

Discovered by A C iii 1852 with an aperture of only 4|^ inches. There 
can be no doubt of its binary character. It is now an excessively difficult 
pair. The conditions were not very favourable, and the two measures differ 
■widely, and neither of them agree with the single observation of 0 S The 
follomng are all the measures of this interesting system;— 


o // 


Da 

P = 5 o 5 

D = os + 

18542 

Da 

38 2 

°S± 

i860 3 

De 

173 8 


18733 

Db 

169 0 


187s 3 

0 S 

1174 

0 2 + 

1878 2 

ft 

16I 0 

02 + 

1878 2 


No 184. 

31 Leoms. 


Discovered by Mr 

George Anderson with the 

Washington 26-inch. 

A fine object from the 

ruddy colour of the large star The companion is 

a very minute point. The following 

are all the measures:— 

Hl 

0 

P = 424 

CO 

II 

n 

187s 3 

ft 

44 4 

7 63 

CO 

00 

M 


No 185 

a Leoms 


The minute companion to H’s 

star was detected by the late Professor 

Weslock some years 

ago with 

the 15-inch of 

the Harvard College 

Observatory The only other measures are by Hr. 

- 

Hl 

0 

P =850 

tf 

D = 3-17 

1876 3 

ft 

885 

329 

1878 I 

No. 186 S 1416 = H. 4293. 


I am not aware of any other measure since that of S:— 

2 

0 

P = 27s 8 

ft 

D= II 25 

1827 7 

ft 

276 7 

II 84 

1878 3 




Mr. S W. Btjhnham, Douhle Star Observations made in 1877—78 25' 

JS’o. 187 39 Leonis OX 523 

Common proper motion, and probably physically connected. 


02 

0 

P = 29s 6 

tf 

D = 6 73 

18513 

De 

300 3 

669 

1866 9 

ft 

298 7 

667 

1878 I 


0 

M 

CO 

2 1423 


Angular motion is clearly shown. 



s 

0 

1^ = 99 3 

tr 

D = I T2 

1830 9 

Du 

768 

I 27 

1865 2 

a 

69 7 

I 28 

1878 2 


No. 190 

H 4311. 


Noted by H “ 

exceedingly delicate ” There is 

no indication of change 

in the angle. 

0 


0 

H. 

P = 122 3 

D =4± 


08 

1263 

438 

1877 I 

/3 

1243 

388 

1878 4. 


No. 191. 

S 1445 - 


The following are all the measures. 

except a single observation by Ma. :— 

2 

P = 167 4 

D = 2 42 

1827 6 

De 

^59 4 

29s 

1864 9 

ft 

160 0 

2 71 

18783 


ISTo. 192 H 165. 

Not measured by H. His description is, 330° ±: 3"±. 

No 193 OS 226 ry 

The only other measure is an angle by Ma , 50° 5 (1843-3) The com¬ 
panion IS now, as in 1874 when examined with my 6-inch, much smaller than 
I o m , and not less than 11 8 m 

Roy. Asteon. Soc Vol. XLIV 










254 Mr S W. BuEiriiAM, Double Star Observations made in 1877-78 
ISTo 195. Db. 14. (AC =S 1481). 


The close star was discovered by De m 1864 

There is no change in 

the distant star of 2 

The only measures of AB are: 

;— 

Dl! 

0 

P= 193 0 

D = S 93 

1864 8 


1941 

6 02 

1878 2 


No 196. 

02 230 


There is certainly slow motion m angle, but it 

IS a difficult pair with 

small apertures:— 

0 

// 


os 

II 

D=8 6s 

1846 9 

Db 

II 4 

831 

1867 3 

/3 

13 4 

836 

1878 2 


No 199. 

02 234. 


Without doubt 

we have here a 

binary system 

in rapid motion, but at 

all times it is a difficult pair. There 

IS an error of some kind in one of the 


angles I have given, perhaps in reading the position circle Both measures 
were made under very favourable conditions, and it would hardly be 
possible to make the angles so discordant without a blunder of some kind. 
In the first measure the stars were noted as just m contact with the highest 
power, and the distance is certainly under o" 3 It was exammed two or 
three times afterwards, but the definition was not good enough to make it 
worth while attempting measures. It will be reobserved at the first oppor¬ 
tunity. The following are all the observations of this interesting system.— 


Ma 

P z= 179 6 

D = 0 25 

1843 3 

OS 

177 5 

043 

1844 7 

Ma 

14 2 

0 28 

1847 4 

OS 

188 9 

037 

1848 7 

OS 

200 3 

031 

18321 

OS 

243 

obi 

1858 9 

OS 

257 

obi 

18613 

OS 


single 

1866 

D 


single 

1866 

OS 

282 

obi 

1870 s 



255 


Mr. S. W. BuRNtiAM, Double Star Observations made in 1877—78 


No 202. 0]!S 243, 

On the whole it is doubtful if any material change has occurred. 


os P = 10 9 

De 8*9 

/3 145 


it 

D = o 72 1846 o 

09 18679 

o 94 1878 3. 


No 203. S 1607 = H. 202 = H 516 

The third star, noted in H. 516, is not in It has not been measured 
before The distance of S’s pair is slowly diminishing from the effect of 
proper motion Some of the observations are — 

o // 

S P = 350 3 D = 33 07 

3 SS o 31 35 

^ 358 o 30 8$ 

No 205. OlS 245. 

There may be a small advance in the angle. 

o // 

os P = 27 sx D = 833 

De. 2769 825 

^ 2781 >783 

No. 206. OS 246 

Although retained in the revised Catalogue of 1850, it is rejected as 
single in the pubhshed measures of OX. Oe. found it single in 1866, as it 
certainly was on the present occasion. As a double star it may as well 
be rejected altogether 

No. 207 X 1630. 

No other measures since X. 

® ff 

^ P = 166 8 D = 2 32 1832 5 

1715 259 18783 


18310 
18633 
1878 3 


18481 
1867 2 
18783 















256 Mr S W Buknham, Dovble Star Observations made in 1877-78 


Nos. 209, 210 OS 247 rej and 248 rej 

Both rejected as single by OS in the Catalogue of 1850, and so found 
by De in 1866 I put them in my observing list for the reason Ma 
measured a suspected elongation as folloTvs .— 

o ft 

os 247 P = 26 2 D = o 25 1848 4 

OS 248 28 o o 25 1843 3 

I have not the slightest doubt that both stars are really single 

No 211. OS 249. 

There is some evidence of orbital motion in the close pair, as will appeal 
from the follownng, which are all the measures recorded:— 


o tf 


Ma. 

P = 330 5 

D = 0 40 

18434 

OS 

31S I 

0 S 3 

18532 

De 

311 4 

0 5 

1868 0 

/3 

307 I 

0 46 

1878 3 


The third star was not observed by De. The only earlier measure is 
that of OS 

O ft 

OS P = 149 7 D=I3 23 18559 

/5 1483 i2‘68 18783 

No 212 OS 250. 

The only measures are as follows •— 

o ft 


Ma 

P = 335 7 

D = 0 42 

18434 

03 

3307 

044 

1846 0 

De 

321 3 

obi 

1868 I 

|3 

3290 

047 

1878 I 


No. 213 S 1641 

Retrograde motion, with a steady advance in distance With the 
exception of a measure by Ma , the following are all — 


o n 


s 

P = 504 

D = 6 14 

3*831 4 

De 

42 3 

7 73 

1867 6 


39 2 

896 

18783 



Mr S W Burnham, Double Star Ohservationf^ made in 1877-78 237 

No 214 S 1643, 

1 robably binary Tbe only measures since S and Ma are given hero ■_ 



0 

p = 712 

tf 

D = I 94 

18303 

De 

S4 4 

1 79 

1864 7 


466 

I 76 

18783 


No. 215 

2 1644 


There seems to be 

a slight change m the distance. 

s 

0 

P = 248 6 

ff 

D = 21 82 

1827 5 

De 

2470 

21 08 

1867 9 

OS 

2470 

20 88 

18703 

/3 

2467 

21 06 

18783 


ft 

No 216 2 

1675 = H 520. 


No other measure since X , and probably fixed 


s 

o 

P = 96 

ft 

D = 31 07 

1831 4 


82 

30 66 

1178 3 


No. 217 

os 255 - 


Not seen by De 

in 1866, and : 

no other measures except an angle 

Ma., 333° 3 (1845 3) 





No. 218 

2 1682. 


The following are all the measures of this wide pair — 

E 

0 

P = 308 8 

ft 

D=33 6s 

1831 6 

De 

306 9 

32 34 

18653 

/I 

305 8 

32 35 

to 

00 

00 

HI 


No. 220, 

2 1702. 


The only measure 

since the observations of 2 shows no change in ■ 

components.— 


N 


s 

P = 82 7 

D = 35 6s 

18313 

n 

82 5 

35 73 

18783 














258 Mr. S. W. Btjenham, Doitble Star Chservatiom made in 1877-78. 

No. 221. S 1703 


A decided diminution m the distance. 



0 

rt 


s 

P = 283-1 

D = 22 65 

1829 3 

De. 

283 0 

19 71 

1865 3 

ft 

281-5 

18-79 

1878 3 

No. 

222. 46 Virgims. A. G 

C. 6. 

Discovered by A. G C. with the 

i2-mch made for the Vienna Obser- ! 

vatory. The following are all the measures I am acquainted with.— 1/ 

Hi 

V 

P = 158 9 

If 

D = I 32 

1876-4 ■' 

De. 

1485 

I 22 

1877 4 * 

0 S 

I 4 S 7 

I IS 

18782 li 

ft 

151 5 

1*48 

1878 3 

The third star not noted before. 




No. 224. 

% 1707. 


With the exception of Ma., the following are all the measures of this 

pair: — 

0 

ft 


s 

P = 309 

D = 10 22 

1828 9 

Db 

330 

9 22 

1865 3 

Flm 

348 

9 00 

1877 5 j- 

ft 

35 5 

9 84 

1878 3 ' 


No 225 

% 1711. 


There seems to be a dimmxxtion m the angle and distance ! 


0 

P = 3 SS 9 

ft 

D = i 43 

1829 3 ' 

Db 

3484 

1*28 

1863 2 

W S 

352 3 

I 13 

1876 4 ' 

ft 

349 7 

I 06 

18783 < 

V 


No. 226. 

H 2638. 


H only measured 

the angle of AB, 209°'6. 

I could not see 0 with ! 


the 6-inch 


1' 



Mr S, W Burnham, Double Star Observations made in 1877-78. 


259 


No. 227. 1727 = H. 527. 

Probably uncbanged. 

o // 

^ P = 335 o D = 7 26 

/3 336 6 7 63 


1831 3 
1878 3 


No 228. 53 Virginis. H. 2645. 

The description in H. is 30°± 5o''±, “position by diagram.” 

as in most similar pairs, the measures of Sm are entirely erroneous 


No. 229. 61 Virginis VI 90 
The change arises from proper motion. 


W 

Kn 

/3 


O 

P = 345 ± 
22 6 
25*2 


tf 

0 = 7325 17830 

169 29 1862 3 

18996 18783 


No 230 1737 =H 224. 

'fhis pair is also ^ IV. 57, there being an error of 43' in the 
¥ No evidence of change 


o ft 


¥ 

P= 223 5 

CO 

0 

Hi 

II 

P 

1782 

s 

220 5 

15 12 

1829 3 

/? 

220 2 

IS 13 

18783 

No. 232, 

0^ 268 rej 

(AC = ^ Y 70 = 

= H 2657.) 

No other measures of AB. For AC we have*_ 


¥ 

0 

P = 277 0 

/' 

D = 56 93 

1783 2 

De 

259 5 

67 39 

1870 3 

ft 

259 0 

67 86 

18783. 


Probably error m the angle of ¥> as H gave 259° 4. 


In this, 


Decl. of 














26o Mr S W. Bueniiam, Double Star Observations made in 1877-78. 


No 233 H 2659 

H has only estimates, 315°* io"±, and adds, “one of the most 

difficult, but a haze is come on Requires verifying ” On this occasion I 
could not find any companion, but the night was not very favourable 


No 234, H 3340 

Noted by H. as “very difficult204° 5 . i"±. It would hardly 
be safe to infer any change under the circumstances. No other recent 
observations 


No. 235 H. 3341 

The only double star ever discovered by Sm , and this was found with 
one of the large reflectors of H It is a short distance preceding the cluster 
M3 I have seen it perfectly with the 6-inch aperture. Da noted it as 
“ excessively diflicult ” His estimate of the distance is so much at variance 
with that of H , the evidence of change is unsatisfactory.— 


o n 



H 

P = 190 0 

D = 4 ± 

18355 


Da 

1969 

0 8± 

1848 4 


/3 

1938 

268 

1878 2 



No 237. 

t 1775 - 


The only recent measures indicate 

no change 

in the components. 


s 

0 

P = 335 7 

ft 

D = 27 75 

1829 3 


a 

335 7 

27 80 

1878 3 



No 238 

% 3081 


De 

failed to see the 

companion in 

1865, and we have no other measures 

since ^ 

There seems to be change in 

the angle. 



s 

0 

P = 763 

ff 

D = I 97 

1830 6 


/I 

67 2 

2 02 

18783 





Mr S Wj Burnham, Double Star Ohse^'vatione made in 1877—78 261 


No. 239 T BooUs. 0 !S 270. 

The components have a common proper motion, and are probably 
physically connected. There is a slow increase in the position angle, 
and apparently a diminution m distance.— 


o // 


02 

P = 347 8 

D = 10 26 

1849 5 

De 

3489 

904 

1867 4 

fl 

351 9 

8 71 

1878 3 


No 240 

S 1784. 


Neglected since 

but probably fixed 


2 

0 

P = 207 I 

tt 

D = 8 66 

1832 s 

ft 

208 7 

9 00 

18783 


No 241. 

OS 272 


Taken together. 

the measures do not furnish much ground for suspectin<^ 

motion, unless in distance — 



os 

P = 23°S 

It 

D = I 89 

1849 ^ 

De 

17 8 

I 79 

t866 7 

P 

20 9 

I 41 

18783, 


No 242 

S 1791 


Overlooked by all late observers 
apparently without change 

It IS an 

insignificant object, and 

s 

p=1598 

n 

D = 20 46 

1829 3 

ft 

159 7 

21 12 

1878 3. 


No 243 '% 1801 

Not unlike the last Examined by De 111 1865, but the small star not 
seen My measures indicate a considerablo increase in distance 

0 n 

2 P = 645 D = i844 18283 

^ 67 s 1937 18783 

Roy. Asteon Soc. Von. XLIV. 







262 Mr. S W Burnham, DouWc Star OhNei^vatiom made tn 1877—78 


No 245. S 1805 

One of the observations of Ma., credited to this pair, belongs to ^ 


1809. 


2 

P = 3 o 5 

D =r 4 54 

1832 4 

Se 

34 I 

4 96 

1856 4 

/3 

34 5 

4 70 

18783- 


No. 246 

X 1809 


Probably without sensible variation The measure of 

to 1805 in the Dorpat Observations. 



N 

0 

P = 196 7 

ft 

D = 4 I 4 

1832 I 

Ma 

194-9 

4 34 

1858 4 

ft 

1948 

409 

18783 


No. 247. 

X 1820. 


The angular motion of this pair is clearly shown. 

2 

0 

P = 479 

n 

D = 2 40 

1834 I 

Di. 

605 

2 XI 

1866 7 

Dtj. 

63-2 

2 27 

1871 4 

02 

68 0 

2 64 

1874-7 

ft 

67-4 

2 32 

18783 

No 

248. S 1827, 

(AC = H. 

1251 ) 

There is no doubt of angular motion, but 1 

some of t 

very discordant. De 

found it n on-measurable in 

1863 — 

2 

0 

P=: 118-3 

// 

D = 0-44 

1830-3 

os 

I28**9 

0-58 

1850-1 

ft 


0-65 

1878 3, 


There are no other measures of C, except H’s angle of 65°-5'. 



Mr. S W Buewham, Double Star Observations made %n 1877-78. 263 



No. 250. 

s 3083. 


The only measures of this pair make the stars relatively fixed. 

s 

0 

P = 230 3 

ff 

I> = 4 55 

1832 7 

ft 

230 7 

4-48 

1878 3. 


No. 251. % I 

843 = H. 2722, 


Fixed, 

0 




P = i88 I 

D = 20 15 

i 830'6 

/3 

1877 

20 02 

1878-3. 


No. 252. 

X 1847. 


There has been 

a considerable change in the components, probably thi; 

result of proper motion.— 

ft 


2 

P = 248 4 

D = 18 73 

1829 8 

Mh, 

2 S 3 ’i 

20 17 

1848 4 

De. 

2560 

21*67 

1865 4 

p 

2578 

22 63 

18783. 


No 253. 

0]S 283. 


There is but little, if any, change 

The last of OS is a single measure, 

and possibly 10° in ' 

error:— 



os 

P = I 346 

P = 4 93 

1848 2 

De 

130 I 

S'li 

18668 

OS 


527 

1875 s 

fl 

131*1 

S 00 

1878 3. 


No 254 

. OS 284. 


It seems to be relatively fixed. 



02 

0 

P = io6 3 

// 

D = 6-98 

1848*2 

De 

102 3 

6 79 

1866 7 

ft 

102*4 

7 17 

18783. 



264 Mr S W Bv'K}s:BiAM, JDoicble Star Observations made in 1877-78 



. No. 256 

S 1874. 


No other measures. 

0 

if 


s 

P = 288 4 

D = 25 73 

1830 6 

/3 

2886 

26 32 

18783 


No 257. 

S 1879. 


Probably a binary pair, and now a difficult object 

De found it single, 

or a doubtful elongation 

in 1863-5 

My measures 

show the smaller coin- 

ponent to be now in the opposite quadrant to that 

in which it was when 

measured by %. Theie should be no mistake about it then, as it was a wide, 

easy pair, and I am certain there is 

none now, for 

the sp star was par- 

ticularly noted as being at least half a magnitude the smallest:— 

s 

0 

p = 67 3 

// 

D=:l 18 

1830 0 

Ma 

57 2 

0 69 

18434 

Shp 

391 

037 

1877 4 

De 

42 9 

0 34 

1877 5 


217 I 

0 42 

1878 4 


No. 258. /X Lihrce. ^ 106 


This very easy pair was found with the 6-inch m i 

:873. For comparison 

we have the following.— 

- • 



De. 

P = 33S 0 

D = I 31 

1875 I 

Shp 

335 3 

I 57 

18754 

0 S. 

335 8 

I 67 

18774 

/3 

333 2 

I 50 

18783 


The third star not noticed heretofore. 


No 259 H. 5489 

The description in H is, 20°+: i5''± . 6 20 Hl has examined 

this with 26-inch, and finds no such companion, the nearest being 207° 6: 
55'''78:6 . , 16 (18754). I could not see it on this occasion, and 

measured a very distant star nf. 


Mr S W Double Star Observations made in 265 

No 260 0 31. 

A pretty pair, near § Bootis The close pair was found with the 
6-inch, in measuring which the third star was detected. 


No. 261 H 2752 

Measured by Ma as new Evidently fixed 


o / 


H 

P = 1312 

II 

p 

i-i 

00 

03 

0 

Ma 

1263 

5 44 

18433 

/3 

126 5 

5 84 

1878 3 

No 262 

P. XIY 212 

Sh. 190 = 

y N 2 


A system not unlike 61 Cygni, having large proper motion, and probably 
physical relation between the components. Some of the measures of AB 
are :— 


Sh 

P = 270 I 

D = 10 82 

1823 3 

H 

2774 

12 08 

1836 7 

Main 

2839 

13 51 

1862 4 

0 S 

• 290 2 

14 98 

1877-4 


290 8 

15 33 

18784 

i6m 

star from B, 

320° 0 • 2o"± 

This IS 1 


measures 


The change in angle and distance corresponds to the proper 
motion of A. In the course of time B and C will form a moderately 
close pair C is the faintest star of the group The distant stars 
measured by single distances. 


clock 


No. 263 59 Hydroe. /3 239 

The only other measures were made with the 6-inch without a driving 


/3 

/3 


P = 123 7 

1295 


D = o 8± 

093 


18745 

1878 4 
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No. 264, 2 Serpentis ^ 348. 

I’his pair seemed much more difficult than when I found it with the 
6-mch m 1875, appeared closer, although the measures do not show it. 
There is perhaps some change in the angle. 


Cr // 


De 

Pss 114*0 

b 

li 

i87S'S 

De. 

n6’6 

0 

Cn 

00 

1876 4 

Shp 

ti9 0 

o-S± 

18765 

fi 

121 4 

0-51 

r 878 * 4 . 


1 )e gives the colours, yellow, ash. 

No 265. X 1914 = S. 667. 

Probably without change. The following are all the measures:— 


0 ,f 


2 

P = 33<54 

D 

= 30 94 

1827 4 

Feegusoe 

335 7 


3i‘25 

1863 s 

/3 

3358 


31 33 

1878-3 


No. 266 

:S 

3091. 



There is a very great change in the distance. De. mentions only a 
doubtful elongation in 45° m 1863, and Ik could find no close pair here 
with the 26-inch in 1875. I was never able to see the least trace of duplicity 
with the 6-inch. Hence, it has probably been single and is now commencing 
to open, but is still very difficult Se. records a single ineaHure of iv 3091, 
243°-o:o"-5 (1859-6), but gives an entirely different place. h.,\, 15''45'" ; 
Decl 3° 19' Certainly that cannot be this pair, or it u-ould have been 
seen by De 111 1863 It is highly improbable that the distane.i* should 
have remained constant during the 27 years between and Se., and the 
star become single in the live years succeeding. I carefully examined the 
place given by Sb., and could find nothing of the kind there. 

The following are the measures to this date:_ 

O ff 

B P= 227 3 D = o5o 1832-4 

2350 025+ 18784 
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^riie stars are equal, so that it is not unlikely the real change would be 
better shown by applying a correction of 180° to the last angle 

o 


No 267. OS 294 
The only measures are as follows •_ 


OS 

0 n 

^=2513 D^226 

T848 6 

Db 

247 S 3 23 

1867 <5 

/3 

248 7 2 75 

18783. 


No 269 0 % 295 


I ho angles are too discordant to make change 

certain 

Ma 

// 

P=ii4 8 D = 0 77 

1843 3 

Ma 

113 I 07 

1846 X 

Oil 

128 4 0 74 

1846 4 

Dk, 

1229 085 

18668 

ft 

128 7 0 75 

1878 4 


No. 271. S 3093. 


J )ccided motion. 



2 

0 // 

P=i 3 SS D = 33 38 

1829 4 

De. 

1386 3115 

18653 

ft 

139 9 30 79 

1878-3 


No 274 y Librae. 



Ihis distant companion, noted by Goldschmidt, has not been measured 
before. 

No 276 S 1961 
'i'ho change is due to proper motion 

0 n 

2 P = 56o D = 2I5s 18306 

478 2223 18668 

^ 44(5 2243 18783 
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No 277. 

0^ 298 


liupid orbital motion 

This has 

been measured by several obserw 

The character of the movement will be seen from the followiiis — 

0 

OS P 

0 

= 1816 

tt 

D = I 20 

1846 5 

De 

208 9 

099 

1866 4 

Dtt 

214 I 

0 58 

1869 s 

OS 

2358 

0 58 

1872 6 

OS 

2643 

053 

1875 5 

De 

280*9 

0 3± 

18765 

De 

295 2 

03 

18774 

a 

310 7 

0 27 

18783 

No. 279. S 1964 

(AB = ¥ IV 61 = H 

255 = 8.674) 

No change in AB. 

There are 

no other recent observations of 

close pair. 

0 

It 


s P 

= 81 

D = I 34 

1830 9 

ft 

10 0 

I 34 

1878 4 


No 280. 

^ 3095 


The measures given below are all that have been made of this pair 

S P 

0 

=3497 

n 

D = 2 85 

1831 3 

De 

336 9 

2 75 

1865 4 

ft 

337 8 

2 83 

1878 4 


No. 282 s Coronce. A G C 7 

This very difficult and unequal pair was discovered in 1876 by A G C 
with the McCoemick 26-inch object-glass Edgecomb sees it easily with a 
9 4-inch Clark Kefractor, but observers generally will require a much larger 
aperture The only other measures are given below — 


Hl 

/3 


P = 35 i 4 
360 2 


D = 2 17 

I 86 


1876 4 
18783 
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No 283 % 2001- 

A comparison, of the only measures recorded of this pair shows a fixed 
relation of the components:— 


s 

/3 


P = 169 6 
1688 


D = n 57 
II 93 


1829 7 
18783 


No. 284. S 2006 

There appears to be slow motion in the angle. 

o // 

2 P: 

De 

a 


2045 

D = I 6i 

1830 9 

1974 

165 

18693 

196 8 

I 66 

1878 4 


No 285 V Scorpii. j 3 120. 

The conditions were not very favourable, and my distance may be too 
large, but the close pair is much easier than when I found it in 1873, when 
it was estimated 43 I have no doubt it is opening — 


/3 

Db 

De 

ft 


P = 3S7 7 

+1 

0 

11 

p 

18744 

359 5 

059 

18751 

360 6 

0 79 

18775 

363 7 

I 04 

18783 


For measures of the wide pair ('& V. 106), and of the double companion, 
with details of measures of AB, see Monthly Notices, November 1874 


No. 286. 5 ) 2022 


Perhaps some angular movement. 

0 tr 

2 P=i29s D = 2 77 

1830 6 

02 138 7 2 78 

18685 

ft 1364 -389 

1878 4, 

Roy. Asteon. Soc. Vol. XLIV. 
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No 288. % 2036. (AC = H. 3345.) 

H. does not mention the close star, nor the distant one As the place 
given by H is almost exactly that of iS, I suspected the principal star 
of both pairs might be identical, but was never able to see the small star 
with the 6-iiich. The description in H is, 339°’9 ' 12"+ : 9 ... 16; “ ex¬ 
cessively difficult, but hazy ” With the large aperture it was of course readily 
seen, and found to belong to ^ 2036 Of the latter I find no other measure. 
The difference in the angles is too great for errors of observation in a pair of 
this kmd:— 

o // 

2 P = 23S3 D=2oi i832’3 

/3 2415 2 18 i 878'4 

No 290. >3 Draconts. OS 312. 

Some change in distance is probable. 


O ff 


os 

P = 144 0 

D = 467 

1843 7 

OS 

142-3 

486 

1851 2 

Db. 

141-2 

48s 

1866*3 

OS 

14s S 

5 20 

i 873’7 

P 

141 7 

5 26 

i878'4 

Rogers suspects 

variability in the small star. 



No. 291. 

^ 3105. 


Apparently slow retrograde naotion. 




P 


2 

P = S 75 

D = 0 62 

183s 6 

De. 

53 2 

05 

1870 0 

/3 

509 

0 61 

1878 s, 


No 292. 

S 2062. 



If not variable, the companion is certainly smaller than 10 m., as found 
by S Db. could not see it under excellent conditions in i865’3. In April 
1874 it was seen by me with the 6-inch, but difficult; in June 1874 it was 
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invisible on a first-class lugfit; and in May 1875 it was well seen witfi. bigb 
powers There is no reason to suspect any change in either angle or distance 
The following are all the measures I have found:_ 


0 ft 



P== II2 9 

B == 2-30 

1832 

Sb 

1145 

2 II 

1857 

ft 

II4 2 

2 80 

1878 


No 294 

% 2092. 


No other measures. 

0 

ft 


S P=s 9 

u 

II 

00 

0 

1831 

ft 52 

8 18 

1878 

No 295. 

% 2106. 



The angle is certainly less than found by hut the later measures are 
very discordant in angles:— 


0 // 


s 

P = 337 S 

B = I 01 

1827 3 

Be 

3213 

OS 

1863 5 

02 

322 8 

0 67 

.1871 8 

w.s 

3097 

oS± 

1873 5 


3109 


18744 

w s. 

3298 

0 4 ± 

^875 6 

ft 

323 7 

0 64 

00 

00 


No 296. 

X 3106. 



The motion indicated by the single observation of Se. is not supported 


by my measures:— 

0 

U 


2 

P s= 246 5 

D = 2 3S 

1831 9 

Sb. 

250 6 

2*20 

18595 

ft 

246 8 

2*19 

18785 


4 
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No. 297. OS 317. 

The change appears to be due to the proper motion of the large star, 
which, according to OS, is — o"*025 in E.A. and +o"'096 in Decl. 


OS 

0 

P = 234S 

/» 

D= IS 73 

H 

00 

Op 

OS 

226 4 

16 91 

1874 7 

/3 

228 5 

1730 

18783 


No 299. 

t 3107. 


Retrograde motion 

in angle. 



s 

0 

P= II2 3 

If 

D = i 59 

1831 9 

De 

1044 

I 32 

1864-5 

/3 

100 I 

138 

1878 5. 


No. 300. 

OS 321. 


Probably without sensible change. 



OS 

o 

P = i7 

II 

0 = 051 

1848 8 

De, 

5 2 

obi 

1866 4 

/3 

2 6 

05s 

18785 


No 301. 

S 2117. 


Companion not seen by De. in 

1863 Probably fixed. 

measures are:— 

0 

If 


2 

P = 117 0 

D = 136 

18315 

Ma. 

113 7 

1 Jt5 

1843 6 

|3 

116 3 

1 29 

18783 


The only 


No. 304. 60 Eerculis ¥ V 133. 

There are no other observations of this distant companion since ¥, except 
those found in Sm :— 


P = 307 o D t= 48 67 

309 8 S3 38 


¥ 

|3 


1783 2 
18785 
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No. 308 OS 327. 

No certam elongation in 1866 to De, and certainly single now. The 
following are all the measures_ 

o n 

Ma P=i59 8 D=o37 18434 

OS 3406 044 18464 


No. 310 72 Eereulis. a- 544, 

Only found in S’s first Catalogue, and without description. All the 
stars properly called double were incorporated in MensurcB Micrometricce, 
and S evidently referred to some distant star. The nearest is a 10 m star 
in the direction of 33'^*''ij this has a minute attendant in 213° 3 


No. 311. S 2163. 
The following are all the measures:— 


o tt 


s 

P = 103 5 

D= I SI 

1830 0 

Se. 

978 

I 46 

1858-9 

Di 

950 

I 5 

18665 

n 

97 * 

188 

18783, 


No. 312. 

X 2172. 


Probably unchanged. 




s 

0 

P=i73’i 

D= IIS 5 

1830-8 


1705 

XI 62 

18785. 


No. 313. 

^ 2175. 



H. suspected a star nearer than the 10" companion of S. Nothing 
seen on this occasion There is no change in S's pair. 
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No. 315 % 2190. 

There seems to be an error of 10° in S, since the angle has remained 
unchanged for the last 15 years. 


0 n 


2 

P = 332 

D = 10 17 

1829 7 

Ma 

33 7 

10 17 

1843 7 

De 

23 0 

10 18 

1863 4 

Kn. 

234 

963 

1872 4 

W S 

24’9 

1058 

VO 

00 

f-I 


239 

10 16 

1878 s 

H 2807 Bas exactly the same 

R A, but 25' 

south, and is described, 

22’ 4 ; 8''± : 7 . . II, 

There is 

no 7 m star 

in or near this place, and 


no double of this description. The observation of H undoubtedly refers to 
% 2190, and as it was made about the time of measure, it supports the 
theory of an error of 10° in the printed angle of the latter The observation 
of Ma. is on a single night, and many mistakes of this kind are found in 
his series 


No 316 OS 333 

A suspected close pair, and retained in the Pulkowa Catalogue of 1850, 
but not afterwards seen double by 0^. Be found it single in 1865, as I 
have on prior occasions with the 6-mch The only evidence favouring 
duplicity IS in two doubtful measures of Ma., 154° o" 2 ? (1845 o) There 
IS not much doubt of this star bemg single 


No 317 Be 16. (AB = S22I4) 


The duplicity of %’s companion was discovered by Be in 1863 
IS no change in pair For the close pair we have:— 


Ds. 

02 


P=i43 3 

1540 

'147 9 


D = I 5 1863*6 

I 43 1869 7 

o 97 1878 3 


There 
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No 318 [A. Herculis. A. C. 7. 

A few of the measures will indicate the rapid motion of this interesting 
binary — 


O f/ 


Da 

p = 60 4 

D=2 05 

1859 7 


OS 

785 

1*50 

1862 8 


OS 

98 7 

088 

18685 


OS 

1568 

0 62 

18715 


OS 

185 s 

0 63 

18735 


Ne 

202 4 

0*75 

1874 s 


Hl 

220 6 

I 18 

1875 7 


Hl 

223*4 

0 72 

1876 6 


De 

229 7 

0 87 

1877 5 


Hl 

232 8 

0 85 

1877 6 


/3 

2349 

I 05 

1878 5 



No 322 

. S3128 



The change indicated by the two sets of measures by X is not supported 

by my single observation:— 




s 

0 

P = 3T 4 

// 

D = isi 

1831 4 


s 

24 0 

1 52 

183s 6 


a 

350 

1 25 

1878 3. 



No. 324 

H 4995 



H 4995 is described, 140°+ . 

i8"± : 61 , 

. 12 ; “a 

third closer 

suspected ” No third 

star could be seen on this occasion, 

which was 

sufficiently favourable to make the 

existence of 

any such companion very 

improbable. 





No. 326 

(AC = W N. 

40 = ¥ N. 6 

= Sh 379.) 



The star B was discovered by H., having been overlooked by 9 and Sh. 
D was added by Langlby with the Harvard College Kefractor, and also one of 
the fainter companions, probably Gr. The other members of the group were 


Lii 
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detected by Hn., who has thoroughly investigated the question of the 
apparent proper motion of the great trifid nebula which surrounds this 
multiple system (See Ame^'ican Journal of Science, Vol. xiv, pp 433-458 ) 
The following measures are by Hn. with the Washington 26-inch — 


o // 


A and B 

P = 22 7 

D == 6 49 

18756 

A and C 

210 7 

10 75 

18756 

CandD 

283 4 

2 40 

18756 

C and E 

192 6 

5 So 

18756 

AandE 

106 7 

19 50 

1875 6 


There is no evidence of change in the old components 

No. 327. 70 Ophiuchi. 

J suggested the existence of a third star by way of explaining some 
apparent irregularities in the orbital motion, and some observers have 
suspected an elongation of one of the components Both stars were perfectly 
round with the highest powers on this occasion, as they have always been to 
me heretofore, and no trace of any third star near 

No. 328 72 Ophiuchi (AB = 02; 342 ) 

On several occasions measured a companion at a distance of about 
i" 5 in nf. quadrant, the last observation being in 1876 Ne , on two very fine 
nights in 1874, saw no trace of any close star with the 26-mch, and Hl. was 
equally unsuccessful in 1876 I exammed A several times, but found 
nothing There is an excessively faint star, nearer than H.’s companion, 
detected by Ne. when looking for a close star I saw it fairly, hut did not 
measure it Ne gives, 292° • 26". 

No. 329. gg ffei'Cidis. A. C 15. 

This pair, like many others, has unfortunately been entirely neglected 
since the first measures by Da. shortly after its discovery in 1859 The 
change is very marked both in direction and distance. It is now, from the 
inequality of the components, a rather difficult pair. The following are all 
the measures — 

o /f 

Da P = 347 i D=i7i 18596 

/3 244 o’99 18785 
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No 330. 102 Herculis A. G C 8. 

No other measures of this minute attendant It was detected by A G. C 
m 1875 'fvith a 12-inch aperture. 


No 331, fx Sagitiam. (AC = (3 292 ) 

The minute star between A and D of H was picked up by me with the 
Washington 26-inch, and is now measured for the first time. No certain in¬ 
dications of change in H’s nearest star — 

O // 

P = 259 9 D = 16 08 1836 s 

2584 17x0 18776 

2592 1691 18784 


Mu 
0 S 
/3 


No 332. 16 Sagittarii. 0 286. 

This also was found with the Washmgton 26-inch in 1874. The last 
measure was made so soon after sunset that no artificial illummation of 
the wires was necessary. The mean result is• 

O ft 

/3 P = 2i8s 0 = 567 18785. 

No. 333. H 2827. 

I he description in H. is, 234 8 9—~ 9~^o 5 ** a %’’ery 

remarkable object; a double star in a pretty large, bright, oval nebula 
50'' in diameter ” 


No 336 Herculis 4^2. ^2315 

Some of the measures of this close binary are._ 


» 


2 

02 

Shp 

ft 


= 281*1 

0 = 059 

1830 7 

2576 

053 

1863-7 

2503 

039 

1874 6 

247 0 

0 38 

18759 

251 7 

031 

1878 4. 


It appears to be slowly closing up. 
Ror. Asteon. Soc Vox XLIV. 


o 0 
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No. 337 t 2318 

The following are all the measures of this pair — 


o tr 


s 

P= 257 I 

D = 12 85 

1829 7 

Ma 

256 8 

20 03 

18437 

Db. 

2 S 5 7 

20 66 

1865 I 

Hd 

2 S 5 3 

20 85 

1866 7 

13 

2549 

20 81 

1878 4 


There seems to be a slow retrograde movement in the angle, but it is 
evident the distance could not have been as given by % if the later measures 
are correct. The close agreement m aU the later distances makes it almost 
certain that there is an error of some kind in I have already suggested 
{Astr. Nach, 2210) that a mistake in a single figure in transcribing or 
printing the distance of ^ may have occurred, and if we suppose the 
figures to be 19'''85, instead of 12" 85, the whole senes of observations 
would substantially harmonise. 1 hope the original records will be exammed 
to see if this is the case I have carefuUy looked for any other pair in this 
vicinity agreeing with iS’s description, and find none. 

No 338. OS 351 

The measures do not make change probable. 


o // 


02 

P = 2S 0 

D = 0 49 

1846 4 

De 

30 6 

obi 

1867 7 

/3 

29 7 

0 63 

1878 4 


No 339 

S 2327 



Companion not seen by De in 1864. Apparently fixed 

O /* 

S P 5= 314 9 0=1927 18308 

/3 3160 1901 1^7^ 4 


No. 340. OlS 355 = H 862. 

This IS a wide pair, the larger of which Ma. measured as a close 
pair, i8°-2: o"-25 (18435) Probably error in Ma., as O:^ did not regard 
it as a close pair 
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No. 341. 2344. 

Noted as single, or not found, by several observers (see Asir Nach , 2106); 
but this is undoubtedly to be attributed to mistaking for it a brighter star 
in the immediate vicinity which now more nearly agrees with the magnitude 
assigned by t The principal star of S 2344 is only 9-3 m. in Argelander, 
and that is about what it appears now. There is no other measure since 


o // 


s 

p = 179 0 

D = i 38 

1829 7 


/? 

180 4 

I 58 

1878 4 



No, 342 

0 ^ 357 * 



At all times a 

difficult pair 

Some of the 

measures 

are not very 

accordant:— 




02 

0 

I’ = 27 S S 

ft 

D==0 48 

1845 I 


02 

264 4 

053 

18557 


02 

2569 

053 

1872 6 



258 9 

052 

18786 



No 343. 

a Dyroe, 



The minute star. 

C, was discovered by Wn., and the measures made at 

that time are all I am acquainted with, preceding 

my own. 

The change 

corresponds to the proper motion of A. 

— 

0 

Wjsr 

0 

P = 298 8 

n 

D=46 87 

1864 8 


a 

292 0 

5185 

1878 4 



I have examined ot Lym once under very favourable conditions witli tlic 
Washington 26-iach when the star was near the meridian, and many times 
with the 18^-inch, but have never seen the slightest trace of the close 
stars supposed to have been seen by Buckingham and others {Mmthhj 
Notices, November 1867 ) 

These were certainly not real stars, but optical illusiops of some kind, 
due to the observer or the instrument. The object-glasses of Alvan Clark 
& Sons rarely give these spurious images in the vicinity of bright stars 
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No. 344 

s 2358. 


Apparently unchanged. 



s 

0 

P = 216 5 

n 

D = 2-58 

1831 4 

Su 

219 5 

2-44 

1857 7 

(i 

218-5 

2 90 

1878 5 


No. 345. 

S 2384. 



This pair is still apparently single, as found by Db. in 1865. The plane 
of motion appears to be nearly m the line of sight:— 


o // 


S 

p = 307 2 

D = 0 82 

1832 3 

Da 

312 8 

07 

1841 0 

OS 

318 0 

0*61 

1846 3 

Da 

332 9 

03 ± 

18548 


No. 346. 

Sh. 277. 


A and B make the well-known 

“ debilissima 

” pair between s' and s‘^ 

Lyrce, with which I have connected by measures 

two fainter stars near by. 


I am not aware of any prior measures, with the exception of H., 22i°o : 

45"± : 13 = 13. 


No. 347. 0 LyroB. (AO = 0 293.) 

The minute star, C, noted with the Washington 26-inch, has not been 
measured before. The companion of S appears to be fixed.— 

o // 

S P=i 49 8 D 6=45 77 18352 

/3 1491 45 64 1878 4. 

No. 348. 364 

OS has a single measure of a small star, i62°'8 : o"74 (1842 7), but 
he was unable to see it after that time, and is inclined to attribute the obser¬ 
vation to some illusion. 

On two occasions I failed to see any trace of duplicity 
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No. 349 Lyroegi OS 525 (AC = Sh. 282 ) 

De called the small star 9 5 m , and OS, 10 3 To me it has alwajs 
seemed much fainter, and was very difficult with the 6-inch. Da. says : 
“ about the most difficult object I could measure with 7^ inches, and nearly 
the mm vis ” The folloiving are the measures of AB :_ 


0 if 


OS P = 128 0 

D = I SS 

1849 7 


Da 1245 

I 86 

1853 7 


De 1328 

I 36 

1869 8 


fi T24 6 

I 56 

i8;8 4 


No 350 OS 365. (AC = S 3130) 


There is no change in the 3 

'' companion of S 

In 1841 

os found the 

large star a close pair. In 1852 

it was single, and 

again in 

1865 It IS 

probably a binary of short period 

The following are all the measures:— 

0 

os P=i68i 

n 

D = o 50 

1841 6 


OS 

Single 

1852-4 


OS 1661 

0*50 

1857 7 


De 

single 

1865-6 


ft 

single 

1878 4 


No. 351. y Lyrae OS 544. A G. C. 9 


One of the recent additions 

to the Pulkowa numbers. 

It was_fouud 

some years ago by A. G C with 1 

a 12-inch glass — 



0 

os P = 296 9 

n 

D= 13 79 

18686 


Nb 297 8 

12 48 

1874 s 


ft 3011 

12 76 

1878 4 



No 352 ^ Sagittarii. 

This was found by Winlock many years ago to be a close pair with the 
Harvard College 15-inch, but no facts, so far as I am aware, have been 
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published m relation to it The only measures to be found are those of Ne , 
in the Washington Observations^ 1867 I have examined this star many 
times in the past few years with the 6-inch, and with larger apertures, but 
never have been able before to see it double It is certainly now about as 
it was in 1867, and possibly there is no change ; but it seems strange that 
1 should at all times have failed to see at least some signs of duplicity It 
will be observed that the angle is reversed in my measure The following 
star was decidedly the smallest, but the difference is not large enough to 
infer change from the reversal of the angle There may have been an 
occultation since 1867, or the low declination may explain the negative 
results heretofore — 

o n 

Nb P==26o8 D = o48 1867 8 

/3 842 042 18787 

There is a very distant star which makes V. 78. 

No. 353 % 2434. 

The close pair has considerable angular motion. 


o tr 


2 

P=8o5 

D = i93 

1831 6 

De 

696 

I 79 

1864 7 

0 S 

633 

158 

1877 7 

ft 

64 I 

153 

18786 


No. 354. 

^ Aquilce 0287 



The companion was found by me in 1874 with the Washington 26-inch 
A fine object with a large aperture. Edgecomb sees it mth a 9 4-inch 
Clark Refractor The only measures are the following — 

o tf 

Ne P = 589 D = S53 18746 

/3 596 492 18785 

No 355. AB= 2462. 

I have added two mmute stars, all about the same distance from the 
piimary No material change in AB. 
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No 358. OS 368. 

The small stai-, G, does not appear to have been seen before. There is 
but little change, if any, in the close pair 


O // 


02 

P = 2I7 s 

D == 0 81 

18504 

De 

214 5 

094 

1867 I 

/3 

2t6 2 

I 03 

18787 


No 360. 

s 2514. 


The motion is 

apparently rectilinear 

The followmg are all the 

measures-— 




S 

II 

0 

0 

// 

D = 7 39 

1832 7 

De 

306 8 

8 12 

1866 6 

ft 

316 3 

851 

1878 4 


No. 361 

^ 2512. 


TTie only measure 

smee %, evidently fixed - 

— 

s 

0 

P = 3ii 8 

r 

D = 21 98 

1832 5 

ft 

3105 

22*23 

18785 


No. 362 

X 2512 


The distance has 

greatly diminished, probably the result of proper 

motion_ 

0 

ff 


2 

P = i 83 

D = 18 74 

1829 2 

Dh 

22 5 

14 60 

1865 0 

ft 

23 8 

12 98 

1878 6 


No 363 

1 2636 


Very decided motion, and probably binary 

The following are all the 

observations — 

0 



2 

P = 35 S 

D = i 9 S 

1831 2 

Ma 

37 3 

I 86 

1842 7 

Db 

57 7 

I 79 

1865 6 

ft 

645 

Jt 76 

1878 7 
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No. 366 54 Sagittani. H. 599 

In one Catalogue H called the small star 18 m No change in the 
larger star. No other measures of B. For C we have — 

O 

O » 

J P = 42 2 D=4S59 18458 

/3 41 7 45 57 1878 7 

No. 367 S 2557. (AC = @54) 

The small star was added with the 6-mch There may be a small 
decrease in the distance of AB 


o // 


s 

P = 104 7 

D = II 42 

18318 

De 

104 s 

II 14 

1867 7 


1034 

10 76 

1878 5 


No 

368 s 2564 


Change is clearly shown. 



2 

P = 1840 

D = 10 78 

1832 3 

De 

178 5 

10 10 

1866 3 


175 I 

10 04 

1878 4 


No 369 

Aqmlce. 0^ 380. 


There does not 

seem to be 

any material change 

in either the angle or 

distance, as wdl appear by the folio wing.— 


OS 

0 

P =748 

D = 0 62 

1850 7 

Se 

769 

054 

1858 0 

De 

694 

obi. 

18678 

Ne 

77 4 

051 

1874 7 

ft 

746 

0 64 

1877 7 

OS measured a 

third star, 

i" 2 distant in 1842, but it was not seen on 

several later nights 

Ne could not find it with the 26-inch m 1874, I 


saiv no trace of it on any of these occasions, when the close pair was widely 
separated 
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No 370 0!$ 382. 


A close and difficult pair, but thus far without sensible variation. 


OS 

0 

P = 353 8 

00 

0 

11 

P 

1849 8 

De 

1737 

obi 

1866 9 

l^E 

357 5 

0 42 

18747 

ft 

1753 

04s 

1878 5 


No 371 

S 2574 


Slow direct motion in angle and distance diminishing 

V 

0 

P = 129 4 

If 

D = 0 96 

1832 2 

De 

1414 

0 6 

1866 3 

ft 

145° 

0 63 

1878 5 

No. 372 

P. XIX 257 

A. G C. 10. 

(AC = S 2570.) 

The principal star of S 2570 

was found by A G. C in 1875 to be a 

very close pair with an aperture of 

12 inches. 

The distance cannot exceed 

o"‘25 I know of no other measures 

with which to compare my own. There 

IS no change in S’s 

companion This star is very near y Aqmlce. 


No 373. OS (App ) 190. 

The large stars, A and C, make one of the list of wide couples given in 
the first edition of the Pulkowa Catalogue The small star has not been 
before observed. The only measures of AB are — 

o 

Db. P=3i6s 0 = 6760 18735 

/3 3168 6732 18784, 

No. 374. 7 Aqmlce. 

The only earlier measure of the nearest of many stars in the field is 
given below It is not m any Catalogue of double stars 

o ff 

Mu. P=i=27o5 D = 49o8 1837 

Roy Asteon. Soc Vol. XLIV. pi> 
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No. 376 ? Sagittce. A. G. C ii (AC = S 2585.) 

The duplicity of the large star was discovered by A G C. about the 
same time as ^ 2570, given above, and with the same aperture There is no 
apparent change in the angle, but it was certainly a little wider in 1878 than 
the preceding year, and may become a moderately easy pair to measure in a 
few years The mean result of the five measures is •— 

o n 

ft P=i57 6 D = o 29 18781 

There is no change in the and S star. 


No. 377. BAG 6814. H. 2904 


The angular change was sufiicient to attract my attention from inspec¬ 
tion, and it was measured on three nights with the 6-inch m 1875. The 
first measure by H. is from the Catalogue in which the star first appears, 
and the other a subsequent measure from his Eighth Catalogue:— 


o *• 


H 

P = i73 5 

D = 20± 


H. 

170 6 


1834 6 


1447 


18751 

0 S. 

14T 6 

18 27 

1877 7 


140*8 

1839 

1878 7 


No 378. @ Aquilo? OS 532. 

The two stars have a common proper motion and are probably 
physically connected:— 


Mu 

0 

P=238 

U 

D = ii 81 

1838 8 

OS 

17 0 

12 60 

1858 I 

De 

17-8 

II 98 

1868*1 

OS 

156 

12 67 

18747 


i6'S 

12 00 

18786 
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No. 379 @ 425 

The small star, C, was added by De when measuring AB. The follow¬ 
ing are all the measures of the close pair •— 


De P=24I3 D = I 26 187^3 

/3 240 2 I 32 1878 6 

No, 380. AC. 16. (A and C = (App ) 195.) 

Close pair discovered by A C. m 1858. There is not much change since 
tBat time — 

o '/ 


Da 

P = 234 3 

D = 0 35± 

1859 6 

Db 

640 

oval 

18725 

Ne 

2414 

0 45 

1874 7 

/3 

237 7 

045 

1878 7. 

No. 381. 

Cygm 116 

OS 392. (AC 

= S 2607.) 


The principal star of ^ 2607 was found by OS in 1841 to be double. 
Tlie following are all the measures:— 


0 " 


Ma 

P= 3243 

D = 0 2 

1843-8 

OS 

322 0 

o'44 

1844 7 

OS 

317 I 

043 

1855 6 

De 

3069 


1867 4 

ft 

3170 

031 

1878 5 

No material change m the third star, C, since "Z 



No 382 X IV 100 

1^ gives the fohowmg description.— 

O 

AB P = 259 6 0 = 2303 i783'6 

AO 280 ± 60 ±: 17836 

I have always supposed his AB to refer to two distant stars, about 23" 
apart, and C to be itself The angles and distance then all correspond 
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with the stars as they now appear. The star I have measured was first seen 
with the 6-mch, but is quite faint. 

No. 385 % 2615. 

There may he a little change in the angle, but the increase m distance as 
shown by the measure from the Washington Observations, 1867,1s not con¬ 
firmed by my measures. 

o V 

S P = 323 2 D=!Io82 18289 

Pbrguson 3216 II84 1863 7 

/3 3184 1060 18785. 


No. 386. % 2619. 

The small star, C, is not in It was first noted by H., and subse¬ 
quently by who found it very faint in 1851. In 1854 another small 
star about 6" from C was detected. This has not been measured. I did 
not notice it on this occasion, although it was not looked for. pair 

appears to be fixed. The only measures of AC are:— 


OS 

0 

P = 299 6 

// 

D = i 7 33 

1862 8 

/3 

294 2 

18 40 

1878 4 


No 387 26 Cygni. W Y. 47 


The small star, C, not before noted No measures in 

comparison we have only_ 

ft 


De 

P = 146 3 

D = 41 60 

1873 s 

/3 

146 8 

41 76 

1878 4 


No 391 

OS 400. 


Undoubtedly a 

binary system. 



os 

p = 334 9 

^ 0 

II 

P 

184s 7 

os 

3246 

059 

18532 

De 

307 8 

obi 

1866 7 

Shp 

267 9 

0 3± 

1875 7 

/3 

.. 

Single 

18786 


For 
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No 392. ^ 2652. 

If this was really single in 1863, it would tend to show a rapid binaiy 
system, and, as in 42 Comoe, with but little variation in the angle. 


0 


s 

P = 283 2 

D = 0 28 

18365 

02 

288 0 

0 40 

184s 6 

Se 

2789 

03 

18574 

De 


single 

1863 9 

/? 

269 9 

0 42 

18785 


No. 394 S 2658 = N 72. 

A decided change in both companions For A and B we have :— 


S 

0 

P = 126 9 

n 

D = 549 

1831 6 

De 

123 0 

5 45 

18635 

/3 

1199 

5 21 

18786, 

and for A and 0 — 

S 

0 

P= 2168 

// 

D = 32 06 

1832 I 

De 

213 2 

3780 

1863 5 

/3 

212 4 

4050 

1878 6. 


If the small star, C, is fixed, evidently A and B have a common proper 
motion 

^^0 395 a* Capneorm A G C. 12. (AB = H 608.) 

The duplicity of H.’s small companion, which in the first observation he 
called 16 m , was discovered by A G. C with the 18^-inch object-glass—^now 
at the Dearborn Observatory—while it was in the possession of the makers 
It IS a beautiful object with a sufficient aperture. The only measures are 
the following — 

Hit <& Ne P = 58 i D = i 48 1874 6 

Hii 24s 2 I 14 1875 7 

/3 6i’2 106 18785 
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For A and BC we have:— 

O V 

Mh P = 144 I D = 6 36 1846 7 

/3 150 2 7 41 1878 5 

The measure of Mh is a mean of 21 nights for distance, and 13 nights 
for angle 

No. 396 2662. 

But little, if any, change. The single observation of Se evidently has 
an eiror in the distance, perhaps i", or has reference to some othei [lair 
These are the measures recorded.— 


o tr 


s 

P = 389 

D = I 72 

18310 

Ma 

39 9 

2 00 

1842 7 

Se 

41 3 

04 s 

1856 6 

W S 

41 7 


1875 7 

ft 

366 

I 65 

1878 s 


No 397 V Cajpncorm. 

Not in any double star Catalogue, but noted m the Mumch Ohseroatiom,. 
There is an error of 180° in the position angle 

o " 

Mu P=28 o 0 = 5633 1836 

ft 2101 5538 18778 

No. 398. N 138. 

Given in without measures as “ Class I ” Peters (A. N 1635) picked 
it up when observmg an asteroid, and measured it, 331° 8 V'o This is 
the only observation 1 have found. There is a small error in l?’s place 


No. 4or. I Delphim 63 

My measure of this is not good. The measure given below by JDb is 
a mean of 4 nights’ observations (A N 2081), and that by Ne a smgle 


night'— 


ITe P = 350 o 
Db 342 4 

ft 3450 


!» 

0 = 064 
086 
I 22 


1874 7 

1875 8 
1878 4 


1 


Mr S W Dovble Star Observations made in 291 

The minute star added with the Washington 26-inch (& 297) was not 
seen on this occasion 


No 402 ^ 2690 

There is no evidence of change either in the wide pair, % 2690, or the close 
pair discovered by Da The 16 m star added by H. is given 121° 5 20"±, 

and no later measures. If this single observation can be depended upon, there 
would seem to be some change in the angle The mean result of my 
measures is.— 

o tf * 

P=io8 4 0 = 2340 18782 


No. 403 Ma 8. 

From a short hat of new pairs by Ma The following are the only 
measures • — 

o ff 

Ma P = 249 3 0 = 1831 18438 

/3 2484 1913 18782 

No 404. S 2703. 

B remains fixed, but the distance of C has increased 


o » 


V 

P= 217 9 

D = S 4 

38 

1829 4 

Ou 

217 4 

57 

03 

1868 5 

d 

217 T 

57 

78 

1878 7 


No 405. 

3 Delphini. 

3 151- 



There can be no doubt of the binary character of the close pair. When 
discovered in 1873 with the 6-inch it was a comparatively easy object. It 
has been gradually closing up smee, and it is not likely that it wdl be 
measurable after the present year (1878) until the smaller star emerges in 
the opposite q^uadrant. It is now excessively difficult, requiring the best 
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atmospheric conditions The following are the results of the observations 
for each year — 




0 

tr 



ft 

p= 

3.55 ± 

D = 0 7± 

1873 6 

Est 

De 


156 

0 65 

1874 6 

4 Obs 

ISTe 


13 6 

049 

1874 7 

3 

De 


2p I 

0 S4 

187s 6 

4 „ 

Shp 


15 I 

0 4± 

1875 8 

5 V 

De 


25 8 

0 48 

1876 6 

4 „ 

De 


29 7 

051 

1877 7 

5 5» 

ft 


40 8 

032 

1877 8 

4 » 

De 


59 2 

obi 

1878 7 

I ,, 

/3 


53 7 

0 24 

1878 6 

4 ,, 

The small star, 

C, IS 

not ui X. 

It was noted by H 

With the angle 

107° 7, and has not 

been 

measured 

since prior to 

my observations The 

change in this and 111 

D are 

due to proper motion 




No 406 X DelpMni. 0^ 53 

0* 


All the prior measures of this pair are by OiS and De 

, some of which 

are — 


0 

ff 



02 

P: 

= 124 

D = 10 23 

1851 6 


OS 


3590 

10 32 

1859 6 


De 


345 7 

941 

1868 I 


OS 


335 1 

1088 

1874 8 


De 


327-8 

TI 10 

1877 7 


ft 


329 2 

1059 

1878 2 



No. 407. a Delphim H 1554. 

C IS H’s nearest star, the angle of which he gives, 278° o. With the 
Washington 26-inch I found a nearer star, but it was too difficult to 
measure when the more distant stars were observed. 

No. 411. 1^2720. 

This is the only measure smce % _ 

O ff 

S P=i 85 o D = 3 8i 

j 3 1831 4 07 


18304 
1878 7 
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293 



No. 413. Ce/phd 55. |3 152. 


The following is a 

mean of 5 nights by De. •— 


De 

0 

P = III 0 

n 

D = 0 44 

1876 0 

13 

112 3 

055 

1878 s 


No. 415 

^ 2734. 


Change in angle and distance. 



s 

P = 1817 

>! 

D = 28 50 

1829 8 

De 

1879 

26 72 

X8635 

/3 

191*2 

25 82 

1878 6 


No. 416. 

os 418. 


The only material 

change is in the distance. 


os 

P= 301 8 

n 

D = 0 56 

1842 7 

Da 

IIS 9 

0 61 

18538 

De 

292*4 

I 01 

1867 0 

13 

294 8 

I 2 + 

1877 7 


No. 417. 

OS 419. 


The measures do not indicate any great change. 


OS 

p = 40 0 

(t 

D=: 1*78 

1847 I 

De 

366 

I 62 

1866 2 

/3 

38 0 

I 65 

18777 


No. 418. OS 424. 

Appears to be a binary system in perhaps rapid motion, as Db. found 
it single or doubtful in 1865. The following are all the measures:_ 


o It 


OS 

Pj= 332*0 

D =1.0*46 

184s 7 

OS 

■3255 

0*46 

1846 7 

Ma, 

145*6 

0 25 

1848*7 

OS 

3189 

0 36 

1852 6 


327*7 

0 

1878 6. 


Eot. Astbon. Soc. Vol. XLIY. 
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In 1876 I noted it as being absolutely round witb the highest powers 
on the 6-inch aperture. 

No 419. H 3006 

The description in H is, 300°±:: I-" • 10 m , “ a violent suspicion, which 
higher powers increase ” I looked for this twice with the 6-inch without 
success The distance is considerably greater than suspected by H, but 
that under the circumstances could hardly be taken as evidence of change. 

No. 420 IV. 113 = H. 613 = X 2748 rej. 

The faint star, C, was detected by Mr. I. W. Ward with an aperture 
of only 4 3 inches. It is a very famt object. For AB we have — 


o // 


¥ 

P = 298 4 

D = 17 so 

1783 7 

De 

299 5 

18 77 

1876 8 

/3 

299 9 

18 72 

1878 5 

De. calls AB gold and blue. 




No. 421. 

% 2749 


The duplicity of X’s companion 

was discovered by Sb. m 1856. The 

few measures that have 

been made indicate rapid motion. No change in the 

wide pair:— 

0 

// 


Se 

p = 127 $ 

D = 06 

18566 

De 

1417 

08 

18639 

/3 

1489 

I 13 

1877 8 


No. 423 

0 % 527. 


It IS not easy to reconcile some of the measures, but there has been some 

angular motion The 

following are 

all the measures made of this pair. 

The observations of Ma. are credited to OS 429 ; 

0 If 

but that star is not double.— 

02 

p = 306 2 

D = 0 40 

1846 8 

Ma 

3144 

0 45 

1848 7 

02 

295 I 

0-33 

1852 6 

02 

290 6 

0 46 

1859 6 

De 

3 i 9’9 

6 bl 

1869 8 

/3 

285 0 

0-52 

1878 3. 
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The angles of Ma. and De are increased 180° for convenience of com¬ 
parison I found the p. star manifestly the smallest 

No 424 (Nebula and Star ) 

This tolerably bright nebula was found with the 6-inch several years 
ago, and noted at the end of my third list of new double stars As suspected 
there, it is double, and I have measured the distance between the centres of 
the two parts, and also the distance from a 9 m star. There is an exces¬ 
sively faint star which, with the nebula and the 9 m star, makes a nearly 
equilateral triangle. 

No. 425. OS 429 rej 

This pair, at one time suspected to be double by OS, was rejected as 
single in the Catalogue of 18 50, and foxmd single later by De Ma. has two mea¬ 
sures of It, but there is no doubt whatever that he observed OS 527, which is 
in the immediate vicmity These measures are given m the note to that star 

No. 427. 7 Equulei. Ksr. 2. 

The close star was discovered by Kn. m 1867. 

o /f 

Ksr P = 276 8 D = 2 13 1867 5 

/3 2745 216 18777. 

The faint star, first noted with the 6-mch, has not been measured before. 

No. 429. S Equulei OS 535 

One of the closest pairs, and thought by OS to be a binary of very 
short period. My single angle does not agree very well with the measures 
of OS, the most of the angles being about 200° The following are the 
principal observations of OS. All other observers have measured only the 
wide pair (S 2777) — 


191 9 

D = 0 27 

18539 


Single 

1854-6 

2095 

0 21 

18577 

236 ? 


1861 6 

24 0 

elongated 

1874 6 

r 8 

wedged 

18747 

221'2 

o 33 ± 

18747 
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No. 430 r Cygni A. G C. 13. 

Discovered m 1874 by A. G. C witb tbe WasMngton 26-mcb. There 
is an excessively faint star for which Hl. gives, 26o“*3 : 15" 68 (1876 9). 
I could see this, but did not attempt measures. The close pair is in rapid 
movement, as wiU be seen from the following:— 


o // 



De 

P= 174 5 

D = I 24 

1875 I 


De 

1705 

I 32 

18757 


De 

161 s 

I 24 

18768 


Hl 

160 2 

I 04 

1876 9 


De 

1553 

I 26 

1877 7 



1500 

I 06 

1878 4 


No 

431 V Cygni 

os 433 = 

H. 932 

No evidence of change 

0 



A and B 

02 

p = 2201 

D s= IS 07 

18495 


De 

2199 

IS 06 

18667 



218 5 

1477 

1878 4 

A and 0 

02 

177 s 

21 20 

18495 


De 

1785 

21 2$ 

18667 


/3 

177 9 

21 38 

1878 4 



No. 432 

. 0 289. 



This triple was found by me with the Washington 26-inch in 1874. It 
IS in a low power field with the preceding star, v Cygni. I know of no 
other measures of it. 


No 433. OS 435. 
Yery httle angular motion. 


o '' 


02 

II 

Oa 

00 

D = 0 60 

1848 I 

Da 

201 8 

® 5 ± 

1852 4 

Db 

196 2 

obL 

1866 0 

i 3 

205*9 

0 62 

1878 7 
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No. 434. 3 Eqwdei H 3023. 

I have added the nearest star, B, which is much fainter than any of the 
,H companions H. gives the angles of C, D, and E, respectively, 3i4°'45 
14° 5, and 278^0 

No. 435. i2> Aqmrii. H 5517. 

H. notes, “ a most minute point strongly suspected,” 270° : 13". I have 
exaunned this star many times, with my 6-inch, and the 9 4-inch of the 
Dartmouth College Observatory, prior to the present observation, but no 
suspicion at any time of any near companion, and I am confident nothing 
answering the description of H. exists. The nearest I could find I have 
measured. 

No. 437. 3 164. (AC = X 2793.) 

The following are all the measures of the close pair:— 

o ff 

Ne P = 244 8 D = o 64 18747 

De 2413 o 56 1875 I 

/3 2373 082 18777 

No. 438. 3 72. 

Near 3 Aquani, and in the field with 3 684. 

o fr 

De P = 45 2 D = I 82 1877 1 

(3 431 189 18781. 

No. 439. 3 Aquani WY. 76 = H. 936. 

H. gives the angle 322*8. The third star, C, was noted with the 
6-inch. 

No. 445. H. 947 = N. 74. 

The only other measures are:— 

o ff 

P Sm. P == 92 5 D = 20 32 1862 7 

323 6 21 74 1862 7 
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No. 448. H. 3069. (AB = 453.) 

H. did not detect the close pair, and OlS has no ohservation of C. The 
description in H. is, : 25"±. The measures of OS and De. show no 
change in AB. 

No. 449 o:S 537. 

One of the later additions to the Pulkowa list. 0!^ has but one 
ohservation, the angle of which is 180° m error. At times I have found this 
very difficult with the 6-mch, and once or twice it was not seen at all 
There seems to have been some change in the angle and distance since 1856. 
T know of no other measures:— 

o tr 

02 P=I3‘5 I> = 2 57 18567 

/3 2oi'5 216 18786 

No. 450. 0 % 458. 

In the field with the preceding pair. The minute star has not been 
observed before. I first noted it with the 9 4-inch of the Dartmouth College 
Observatory There is no material change in the close pair:— 

o ff 

os P = 34.8 8 D = o 71 1851 7 

Da 353 7 0 80 1866 9 

ft 3519 086 18786 

No. 451. AC = H:. 5524. 

B was discovered by Howe at Cmcmnati, and measured, 27o°-3 : 9‘"'09 
(1877'8). H. has no measures of AC. 

No 454 t 2860 

Tery decided motion, apparently rectihnear. 


o V 


2 

P = 250 8 

D = 3 32 

1832 3 

llA. 

252-4 

4 45 

18444 

Di 

254 6 

5 IS 

1864 9 

0 

2556 

5 96 

00 

CO 

M 
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No. 455. 0;S 460. 
The only measures of AB are:— 


o // 


os 

P==3S2 2 

D = S78 

18497 


3518 

6 71 

1877 8. 

For AC we have:- 

0 

It 


os 

P = 40r 

I> = IS 95 

18497 

Da 

467 

15 77 

1866-5 


463 

16 04 

1877 8, 


No. 457. OS 462. 

Close pair appears to be without change. The small star has been 
measured before only by OS:— 

0 // 

os P = 338 D= 7 53 18500 

/3 310 69s 18778. 

No. 458. t'- Pegasi. 

The distant, C, is in Sm. I have measured also a smaller and nearer 
companion. 

No. 459- Pegasi 129. S 2869. 


The following are 

ah the measures:— 



s 

0 

P= 2537 

D = 

tf 

22 74 

18295 

Db 

252-9 


21 09 

18647 


2534 


21 S 3 

00 

CO 

M 


No. 460. S 2879. 

Probably unchanged. Sn. has one observation which evidently belongs 
to some other pair:— 


s 

P = 226 2 

D = 0 79 

1836-3 

OS 

228 8 

085 

1845 © 

<3 

2283 

0 91 

18787 



Mr. S. \v. »ii 1877 -^K 

Xu. 4 f»j. » 

AB vim diwiuml with tin* h-turli, wu! in twjwuring that jmir a thir*l 
>ttar wii» iwIcIihI. 

N»». V* M. ‘/o. 

A tiiH* ohjwt with a brgn njwrlurr. 11 . iiiiaMiuncI unly thr anjth «•< < . 
3 1 a' o Tiu* t»nly mi'anun** ainti* an* 


A nnd ft 

III. 

i« m If *4 

Umiti ti 

i#ft; 1 


Hi. 

if# 


i#r0 


d 

fir# 

6 II 

i#}li ft 

A Htid (' 

Hi 

II# 1 

«i li.'i 



d 

ii|# 


ifijNft 


Nu. 46.1. f AtfiftiH, H. 

Thr uiily an*:- - ^ 

Mt It.«» 4‘4 4 ^* iBlS (4 

41 *t »*jS 7 

K»». 465. 51 Atfuarii. H 171. 

Th«* itK'ttiiir*' nf Iln. I# lh«* itM*ati ri’awlt nf 6 night#}— 

H> * 

III. I* •*. II <1 H ••1044 it*tt t 

,1 t 4 <, Hi# 

No. 466. ,44 ti a<i*'. 

ItHcuwrM at \VftjihingU»fi in 1M74. Tlw «nly mmaiiri’# fur ruitii^ntun 

ire;.-' 

lit Iltwitll 7 

,1 li«<* 4 fti «0ttv 

Xu. 4<'»7 A Jut 

A difficult imir within lh« trmngl*’ f'Cimd h> .44* . 1 ? t'*$****- 

m * 

III 

,1 I'll 1*1# ft 
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No 469. OS 471 rq 


Eejected as single by OS and so found by De. m 1866 Ma. has a 
measure, 6° 8 : o'' 22 (1843 6), but there is very little probability of this star 
being really double 

No 47. 37 Pegasi. S 2912. 


Biliary, and now a very difficult pair. At the time of finding 34 Pegasi 
double with the Washington 26-inch, I could see no trace of duplicity in this 
star, and it was always single with the 6-inch. A few of the measures are:_ 


o ft 


s 

P = 115 6 

D = I 15 

18356 

Se. 

117 6 

074 

1857 I 

W S 

122 3 

• 

1871 9 

/3 

1300 

032 

18786 


From the measures it would appear that it could not have been really 
single m 1874. 


No. 471. S 2915. 
A decided change in the angle. 


s P = 169 o 

Da 158 8 

iSS I 


ft 

D = 12 27 
12 20 
12 29 


1827 8 
1863 7 
1877 8 


No. 473 Aquarii 215. 2936 

No other late measures 


S 

P 

0 

= 47 I D 

ff 

= 469 

1832 2 



50 8 

492 

1877 8 



No. 475. 

OS 477- 


The change is 

probably due to proper motion. 


02 

P 

= 122 7 D 

ff 

= 9 60 

1846 I 

Db. 


1385 

649 

1867 I 

03 


148 2 

5 54 

1875 7 

n 


154 I 

462 

1878 6. 

Kot. Astron. 

Soc. 

VoL. XLIV. 
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No. 476 B.A.C 7931. (AB = H. 1802 = X 2942 = 478 ) (AC = 3 450 ) 

The third star was found last year with this instrument. No material 
change in AB. The third star is quite a minute point 

No. 477. I Pegast. H. 301. 

There seems to he no douht of angular motion. 


o 


H 

P = 122 8 

D = is± 

1830 

Db 

117 7 

1217 

18668 


iix 9 

II 93 

1878 6. 


No. 479. 

H. 3152 


The description 

inH. IS, i35°4 3"±:9..i5. 

“ A very difficult object, 


measured with 320, which still left a suspicion of illusion, though I have 
hardly a douht.” I have looked for this many times, but without seeing 
the least trace of any companion. 

No. 480. t 2954 

The following are all the measures:— 


o /f 



P= 28 6 D 

=3673 

1830 9 

Db. 

27 0 

37 94 

1864 9 

/5 

27 4 

3797 

1877 8 


0 

00 

3 383 



A and C discovered with the 6-inch, and B added with the large aperture 



No. 482 

S 2959 =¥ N. 15. 

Evidently moving 

0 

It 

2 

P= 96 7 

D = IS 66 1832 I 

Db. 

loi 7 

1421 18648 

0 S. 

loi 5 

1414 18778 

3 

102 2 

1377 18778 


The third star, C, is new. 
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No 483 B.A.C. 8001. OS 536. 
The following are all the measures of this pair. 


o ft 


OS 

p = 344 - 

D = 0-33 

18527 

OS 

3328 

0 40 

1852 7 

OS 

343 7 

0 46 

18539 

OS 

- 

Single 

18596 

OS 

p 

260 ? 

round 

1861 7 
1874 8 

/3 

161 5 

047 

CO 

00 

H 


No. 485. S 2976. 

A and B relatively fixed, but rectilinear motion in C 


O ir 


2 

P= 177 7 

D = 15 88 

^828 4 

SB 

183 2 

16 31 

18574 

w s 

0 

00 

M 

165 

1873 8 

/3 

1883 

16 65 

1878 2 


No. 486. S 2980. 
The only measures are as follows:— 


0 

S P = 107 9 

P = 4 XS 

18311 

0 s 

108 3 

4 26 

1877 9 

/3 

III 8 

438 

1877 7. 


Probably without change. 

No 490. Aqmrii 286. /3 181. 

The close pair has been carefully observed by De. on 4 nights with the 
following result:— 

Db P = 309 2 0 = 151 1876 3 


No. 491. Aqmrii. 
I have only measured two minute stars not in S 




Ji 
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Ifo. 492 0 80. 

De. Las measured this on 4 mghts, the mean result of which is given 
below My angle is undoubtedly too large. 


Be 

0 

P = 300-4 

It 

D = I 07 

1875 8 


306 I 

I 24 

1877 8 


No. 493- 

96 Aquani. H 

5394 - 

Probably fixed. 

0 

II 


H. 

P = 26 3 

D = io± 

1836 7 

Be 

235 

988 

1869 8 


23 X 

10 08 

1878 6 


1^0.496. Pegad A. Gr C. 14 

Discovered in 1875 ^ Gr. C. with a 12-inch aperture De, by 4 

measures, gives the following result:— 

o ft 

De, P = 192 0 D = i45 18766 

P 1918 i6r 18788. 

No. 498. O;^ 506 rej. 

This was observed on account of the variation in distance shown by a 
single measure of Ma. My observations do not confirm sueh change:— 


Ma 

0 

CO 

II 

D = 16 67 

1843 9 

Be 

79 9 

1793 

18675 

/3 

79’4 

18 09 

1877 8 


No. 501. @281. (AC = H. 998) 

The close star was discovered by me with the 9'4-inch of the Dartmouth 
College Observatory. It has not been measured by De., and H. has no 
measures of C 

No 502 t 3055. 

The components are evidently relatively fixed. 

o ff 

2 I’ = 359 9 © = 567 18361 

fi 3596 5 79 18786 
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Note. 

I ascertained, too late to make the correction in its proper place, that 
No. 562 of the hst of new stars is identical with one of the close pairs of 
the Pulkowa Catalogue, OS 122. I have made a measure, which is given 
below with all the prior measures on record:— 


Ma 

P= 1178 

D = 0 22 

1843 2 

OS 

108 9 

0 36 

1847 7 

Ma. 

1389 

0 2 

1852-3 


117 7 

0 29 

1878 8 


The observations furnish very little evidence of motion. 

I have made another and successful search for S 1058, and made two 
measures as follows:— 

o " 

P = 28io 13 = 2284 1879184 Mags 8 ii 

2810 2232 1879200 85 II- 

The principal star is Arg. (9“) 1497, and the place for 1880 is-—R A 
7’* 10“ 17% Decl 9° 37', agreeing almost exactly with Micrometricce 

It is not found in Veisse or Lalandb, In Argblandee ii is called 7-8 
magnitude. It will be mteresting to watch this pair, and see whether one 
of the components IS variable. I had supposed my search in 1878 was a 
thorough one. In all similar cases heretofore the explanation has been 
found in errors of observers, and not in the disappearance, or change, in the 
stars themselves 



V. Les longueurs du pendule d secondes h Povlhova, h St -PStersbourg, et awe 
dtffSrmtspeyinls de la Pussie occidentale, corrigies de linjluenee produite par 
lajlexion des supports du pendule comiruits par M. Bepsold Par M A 
Satitsch, Professeiir d’Astronomie ^ TUmversit^ de St -P^tersbourg. 


Dans le M6moire pr 4 sent 6 en 1872 k la Socidt 4 Royale Astronomique de 
Londres, nous avons rapportd les rdsultats de nos recherclieB sur I’intensitd 
de la pesanteur dans les onze points voisins du jndridien qni s’^tend de 
Fmlande jusqu’aux bords du Danube pr^s d’Ismail. C’dtait une heureuse 
cxrconstance pour la liaison de nos r^sultats ceux qu’oa a obtenus dans 
les autres endroits, que les deux pendules r4versxon et leurs supports 
construits par M. Repsold, employes par nous en Eussie, furent exp 4 di 4 s en 
Angleterre, et de li aux Indes, pour servir au inline usage dans cescontr 4 es, 
Les experiences faites aux Indes out parfaitement rdussi, et quand elles 
4 taient termindes, les instruments furent renvoyds en Angleterre, et 
puis en Russie. Ils out 4 t 6 soigneusement vdrifids k Kew, et ont servi k un 
habile observateur, M. le Capitaine Heatisidb, k une nouvelle determination 
de la longueur du pendule k secondes a Kew. 

Le Directeur de TObseryatoire de Poulkova, M. 0. Struve, engager 
M. le Colonel Zingueeb, attache comme Astronome k cet Observatoire, k faire 
k Taide de ces monies instruments toutes les experiences et les recherches 
n 4 cessaires pour fixer la longueur du pendule k secondes k Poulkova aussi 
exactement que possible. C’est ce que M. Zinghbex a rempli avec succks, 
comme on pent en juger d’aprks son memoire pubfid en langue russe par 
rAcaddmie Impdriale de St.-P 4 tersbourg en 1877. 

Ayant trouTd les instruments dans un dtat aussi satisfaisant qu’ds I’etaient 
a Kew, I’auteur du memoire cbercha par beaucoup d’expenences les durdes 
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d’oscillatioD.s de deux pendules, le tout infdneur de chaque pendule dtant 
lourd et I’autre bout 4 tant 14 ger. C’est ce qu’il a obtenu eu observant les instants 
des coincidences da pendule employ^ et du pendule d’une horloge qu’il 
cornparait, au moyen d’un chronom^tre, an commencement et k la fin de cbaque 
s4rie d’exp4riences, k I’borloge, dont la marche dmrne a 6te exactement 
v^rifide par les observations astronomiques. Les coincidences se succddaient 
dans des mtervalles d’k pen pr^s 4 minutes de temps, et cbaque s6ne 
d’exp<§riences en contenait sept, les instants des trois premieres et des trois 
dermkres coincidences farent notds, celle du milieu fut omise. Deux minutes 
de temps avant et apr^s cbaque comcidence on inscrivaitles amplitudes angu- 
laires d’oscibations du pendule, et les temperatures d’aprks trois thermomktres 
v4rifi4s, dont I’un dtait placd pr^s du bout infdrieur du pendule, le second 
vers le milieu et le troisi^me vers le bout sup^rieur. L’dtat du baromktre 
s’lnscrivait au commencement et k la fin de cbaque s 4 rie d’exp 4 nences, 
relative k la position d 4 termm 4 e d’un des deux couteaux servant d’axe de 
rotation. 

Les rdductions des dur 4 es d’oscillations k la durde correspoiidant aux 
amplitudes mfiniment petites sont faites dans Tbypotbese que les amplitudes 
diminuent en progression g 4 om 4 tnque, quand le nombre d’oscillations s’aug- 
mente en progression aritbmdtique,—supposition admise par tons lespbysiciens. 
A in S I ddsignant par e la base des logaritbmes naturels, par 60 I’amplitude 
observde au milieu d’une s 4 rie d’experiences, par 6^ I’ampbtude corre- 
spondant k la oscillation comptde depuis I’lnstant de ce milieu, et par k un 
coefficient dont la valeur num 4 nque se trouve par les experiences, on a 

ou, en logaritbmes ordinaires, 

log = log 0 ^—H log e 


En substituant pour fl, et i leurs valeurs relatives k cbacune des sept 
amplitudes observ 4 es, on forme les sept equations de condition, et en les 
resolvant par la metbode des moindres carres, on obtient log S(, et k. II 
s’entend de soi-meme qu’aux amplitudes immediatement observees doivent 
dtre prealablement appliquees les corrections qui dependent de ce que I’arc 
gradud, mdiquant les amplitudes des oscillations, n’estpas k lam^me distance 
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de I’objectif de la lunette, qui sert a faire voir le bout inf^rieur da pendule, 
que ne Test le plan d’oscillation du pendule. 

Soit T la dur 4 e moyenne des oscillations appartenant xme s 4 rie 
d’exp 4 riences ; v le nombre d’oscillations entre deux coincidences cons 4 cu- 
tives ; T la dur 4 e d’une oscillation dont I’amplitude est infiniment petite; 
81 nous supposons que les amplitudes sent exprim^es en minutes angulaires, 
on aura, d’apr^s le syst 4 me d’exp 4 riences mentionn 4 , 


n = 


r sin® i' 

'"■3 4 16 



Remplaijant 6( par on trouve 

J d„^e-^dt=9,^{^-—^ - J=2shye^^{i+-8W + .. J, 

comme Iv est toujours tr 4 s-petit et s est 4 gal h, 3, ou k 2, ou a i, on pent 
n 4 gliger dans le d^veloppement de la s 4 ne les puissances de shv superi^ures 
la seconds. De cette mani^re M. Zihqhbre admet pour les reductions des 
dur 4 es d’oscillations k I’amplitude infiniment petite l’6quation 


rj= sin* (i+4fc®('®) 

Le degr 4 d’approximation n’est pas sensiblement Bnp 4 rieur k ce que 
nous avons obtenu dans notre m 4 moire de 1872, 

Toutes les autres corrections furent calcul 4 es d’aprks les rkgles connues 
et g4n4ralement adoptees, qui sont rapport 4 es dans notre m4moire. 

Au moyen d’un appareil que nous avons mentionn 4 dans ce m 4 moire, fiirent 
d4termin4es, avec beaucoup de soin, les distances du centre de gravity du 
pendule aux tranchants des couteaux, dont I’un se trouve pr 4 s du bout lourd 
et I’autre prks du bout Idger du pendule. 

Pour obtenir les dilatations des pendules par la chaleur, M. Ziughere 
mesura, dans les temperatures difirdrant Fane de I’autre d’k peu pres 17" ou 
20° du tbermometre centigrade, les distances de deux tra;nchants des couteaux 
dans ebaque pendule au moyen de I’dtalon du comparateur constmit par M. 
Repsold, et ensuite il compara dans les temperatures aussi diff 4 rentes ce 
m^me dtalon k un dtalon normal v 4 rafid par I’anden Dfeecteniri de TObserva- 
Eot. Astbox. Soc. Vox.. XLIV. ss 


ir J 
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torfe de Poulkova, W. Steuve, et dont la dilatation par la ckaleur fot ddter- 
minde par cet illastre astronome. Les coefficients de la dilatation otitenus 
par M. ZiNGHEEE sont 

o 0001897 pour le pendule !No. i, 

00001875 „ INo 2 

Nous avons cherch6 ces coefficients en observant les durdes d’oscillations 
de chaque pendule dans les tempdratures difKrant entre elles d’^ peu pr^s 
20° centigrades ; nos experiences faites enMver 1866 donnentles coefficients 

o 0001964 pour le peudule iKo i, 

00001940 „ IN'o. 2. 

En terme moyen M. Zestshebe admet o‘oooi930 comme le coefficient de la 
dilatation pour le pendule No- 1, et o'cxjoiqoS pour le pendule No. 2 

Quant k lelimmation de I’erreur qm pourrait provenir de la difference 
entre les figures de I’un et I’autre couteau de chaque pendule, M. Zingheee 
profita des experiences aussi completes que precises, faites ^ I’aide des memes 
instruments par M. le Capitaine Hbayiside ^ Kew ; il en results la correction 
de la longueur du pendule ^ secondes 4 gale k —o'ooo363 pour le pendule 
No. I, et la correction +o’oooio4 de la ligne de Paris pour le pendule No. 2. 
Une autre correction bien plus sensible est celle qui est relative ^ ce que les 
248 lignes, indiquees par retalon du comparateur construit par M. Repsold, 
ne representent pas exactement les 248 lignes de Paris. Les comparaisons 
de cet etalon aux etalons normaux qui se conservent Poultova donnent les 
corrections suivantes, pour exprimer les 251 lignes de I’etalon de M. Repsold 
en lignes de Paris, ou de la toise de Fortin k +13° de RfiAUMUK 


Temperature 

D^apifes les comparaisons 

Correction moyenue 

en grades centig, 

de M Zinghere en 1875. 

de M Smislof en 1868 

+-rS 0 

— 0*0129 

— 0 0116 

— 0 0122 

X 7 S 

—0 0017 

— 0 0002 

— 0 0009 

20 0 

+0 009s 

4-0 0112 

+ 0 0104 


On a ainsi la correction +0-0013 de la ligne, qu’il faut ajouter 4 la 


f 
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diKtoiice «ntre leH deux couteaux dc chaque pendule pour exprimer cette 
distance eti lignee de Paris 4 la temperature do +18® centigrades. 

La hauteur du lieu d’observation est 247'6 pieds anglais au-dessus du 
niveau de la mor; la latitude bon^ale de ce lieu est 59® 46' 19", 

Ay ant r^'uni tous ces ^ymenta du calcul, M. ZiNOirsaB trouve, par les 
nu^thodes connuee, qu’lk Poulkova la longueur du pendule simple k secondes 
sexagdsimales du tera|^ moyen, par oscUkdom in^niment petites, rdduites au 
vide et au niveau de la mer, est 

440-9438 lignes de Paris: 

ce sont lea lignes de la toise normale do Fortin 4+13" RiifeAUMUE de la tem- 
jsSrature. 

D’aprb I08 experiences de M. Hbavmum, la longueur du pendule ii 
secondos 4 Kew, exprira^ en lignes de i’dtalon du comparateur conetruit par 
M. I{Kmu,» k la tem|)erature de +13®*! centigratles, est 440*6775; en appli* 
quant la comwtion —0*0370 pour la reduction aux mfimes lignes de Paris, on 
a la longueur du pendule 4 secondea 4 Kew, sous la latitude 51* 28' 6 ", 

440*6405 Kgnes ds Psaris. 

La thdorie de la pesanteur et les nombreuses observations du pendule en 
diffbrentes contr^*e8 nous pormettent de repr6senter k Icmgueur A du pendule 
4 secondos sous k latitude g(k>graphique 0 piyr la formule 

A wm 439*33004 3*3570 UpiM d« Pvril. 

Ainsi kdifiV‘n>.nce AA des longueurs du pendule 4 seoondes, oorrespon* 
dantesaux latitudes <}> ©t est 

Almm 3*3570 Ilia ( 9 +f') 

Pour Poulkova et Kew cette difference tii6orique est 0*3038 de k ligne 
de Paris; les exp4rience8 directes donnmit 0*3033; Taccord est done satis- 
faisant, et prouve qu’d n*y a pas d’anomsdies senubles dans rintmisit^ de k 
pesanteur terrestre en ces deux stationa 

Dans notre mdmoire pr 6 sent 4 en 187a 4 k Sockk Astronomique de 
Londres, nous avons rapportd de quelle mani^re nous arons d6tenmn6 k 
longueur du pendide 4 seoondes 4 St.“P6tersboi«:g 41 ’slde des mimes instra* 


.uiA.i 
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ments qui ont A4 employes Kew et k Poulkova. Les dur4es d’oscillations 
et les distances entre les tranchants des deux couteaux de chaque pendule 
furent obtenues relatiremeiit ^ ckacun des deux axes de rotation, tant avant 
qu’apr^s la transposition des conteanx. L’6talon du comparateur construit 
par M. Eipsold a aussi 4 t 4 v 6 nti 4 par ses comparaisons en diffdrentes 
temperatures k I’dtalon fait k Londres et examine par M Baiiy quant 4 sa 
precision et k sa dilatation par la cLaleur. Nous avons trouv^ qn’k. 
St -Petersbourg, sous la latitude de 59° 56' 30", la longueur du pendule k 
secondes est 

440‘9488 lignes de Pans 

D’aprks la theorie de la pesantenr, cette longueur doit surpasser celle qui 
appartient k Poulkova de o 0060 de la ligne de Pans; ce qui s’accorde 
parfaitement avec les restdtats des expenences faites k Poulkova par 
M. ZnSTGHERE 

Malgre cet accord, notre determination restait toujours defective, en ce 
qu’elle donne la longueur du pendule k secondes plus courte d’^ pen prks o*o8 
de la ligne de Paris de ce qu’elle devrait ^tre d’aprks la theorie de la 
pesanteur et les experiences de Bessei, de Biot, de Eater, et des autres 
illustres savants. La meme anomabe se manifesta dans les resultats obtenus 
en Allemagne an moyen des instruments semblables k ceux que nous avons 
employes 

La cause de cette anomalie fut expliqude par M.M. Peirce et 
Cellerier : elle depend de la flexibilite des supports du pendule, tels qu’ils 
ont ete construits par M. Eepsold. Le couteau, ou I’axe de rotation de ce 
pendule, s’appuie k un plan horizontal formant la superficie d’une pikce d'acier 
fixe k un trepied, dont les brandies sent de longs tubes en laiton. Deux 
de ces tubes se trouvent dans un plan paraUde au plan d’oscillation du 
pendule, et le troisikme est dans un plan perpendiculaire k ce dernier. 
La presBion qu’exerce le poids du pendule tend kproduire la flexion deS 
supports, et quand le pendule oscille autour de son axe de rotation, la 
composante horizontale de la pression amkne une plus grande flexion, tantbt 
de I’un, et tantdt de I’autre tube parallde au plan d’oscillation. II en 
didrive un petit mouvement dans les supports qui modifie les oscillations du 
pendule et change leurs durdes; d ' est alors impossible d’obtenir la longueur 
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du pendule simple sans 4 gard k ce rnouvement des supports Soit I la 
distance reciproque des deux axes de rotation du pendule k reversion, L 
la longueur veritable du pendule k secondes, L' la valeur que Ton trouve 
au lieu de L si Ton neglige les mo\ivements des supports, p le poids du - 
pendule k reversion, et Id un coefficient qu’on determine par les expdrieaces 
destindes k la recherclie de la flexibility et des mouvements des supports: 
la valeur numdrique de Id depend des umtds admises pour exprimer I et p. 
D’apres la thyorie doijn 4 e par M. Peirce on a 

ij^u+y ^ Y‘ 


La correction ^ P f est toujours positive, de sorte qu’en nygligeant les 

mouvements des supports on obtient une longueur du pendule k secondes 
plus courte qu’elle ne Test rdellement; c’est ce qui arriva k tons ceux qui ont 
fait usage du tr4pied construit par M Repsoib. La recherche du coefficient 
I' est une des plus dyiicates et des plus laborieuses; il fallait avoir toutes les 
ressources et toute I’hability que possddait M. Plantamour pour amener cette 
recherche k unc bonne fin. On pent voir en dytail par quels moyens cet 
excellent observateur est parvenu k trouver le coefficient k', dans son m 4 moire, 
publiy sous le titre Recherches expirirrdentales sur le mouvement simidtanS dun 
pendule etde ses supports^ par E. Plartamour, Professeur, G-enkve, 1878 . 

Pour son instrument, M. Pxant amour obtient la correction o'1724 de 
millimetre, ou o'o765 de la ligne de Pans, qu’il faut ajouter k la longueur du 
pendule a secondes calcuiye en nygligeant la flexibility des supports, pour avoir 
la vraie longueur 

Nos instruments et leurs trypieds sont tout-k-fait setoblables k ceux 
qu’avait employds M. Plantamour , leurs formes, leurs dimensions et poids, 
ainsi que les mytaux dont ils sont construits, sont presque les mfemes; il est 
done trks-probable qu’k peu prks la mfeme correction doit ytre appliquye aux 
rysultats obtenus a I’aide de ces instruments sans ygard au mouvement simul- 
tany du pendule etde ses supports. La correction pour unlieu particulier est 
proportionneUe k la longueur du pendule k secondes en ce lieu, la distance entre 
les deux axes de rotation restant la nayme. Cette longueur k St.-Pytersbourg 
surpasse de o’5i5 dela ligne de Paris celle qui correspond k Grenkve; la cor¬ 
rection k Genkve ytant +o'o765, on a pour St.-Pytersbourg et PoulkoVa la 


it j y/i t 


i I 1 
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collection +0*07659) ^ psu px^s +0*0766 ; pour Kew la correction est 

+007654 dela ligae de Paris. En ces trois stations la flexibility des sup¬ 
ports du pendule n’ajant pas yty prise en considyration, nous ferons usage des 
corrections mentionnyes, et ainsi nous ta*ouvons les longueurs vyntables du 
pendule 4 secondes 

a St -Pytersbourg 441*0254 lignes de Pam 

£l Poulkova 4410194 « 

a Kew 440 7170 « 

L’accord de ces valeurs avec celles qui se ddduisent par la thyorie de la pesanteur 
des expyriences faites par les plus habiles physiciens en diverses contryes a 
I’aide d’instruments bien diffyrents des ndtres, est une preuve de la justesse 
des corrections admises 

Gr&,ce aux recherches de MM. Peiece, Cblleribe, et Plaxtamoee, nous 
pouvons a prysent donner les longueurs du pendule k secondes dans diffyrents 
points de la Russie occidentale ayec plus de prydsion que nous n’avions pu le 
fane dans notre m4inoire prdsenty en 1872 ^ la Socidty Astronomique de 
Londres 


Station 

Iiatitiide bor^ale 

Longitude 

4 lest de Greenwich 

Longueurs du pendule 4 
secondes en lignes de Paris 


0 

/ 


h 

m 

s 


Torn^a 

65 

so 

43 

I 

36 

54 

441 2460 

N'lcolaistadt 

63 

5 

33 

I 

26 

26 

441 1228 

St -P6tersbourg 

59 

56 

30 

2 

I 

14 

4410254 

ReTal 

59 

26 

37 

I 

39 

I 

4410125 

Dorpat 

58 

22 

47 

X 

46 

54 

4409697 

Jacobstadt 

56 

30 

3 

I 

43 

4 

440 8835 

Vilaa 

54* 

41 

2 

I 

41 

12 

440 8288 

Belm 

52 

2 

22 

r 

40 

52 

440 7202 

Kremeritz 

50 

6 

8 

I 

42 

54 

440 6467 

Kamenetz-Podolsk 

48 

4 

39 

I 

46 

18 

440 5778 

Kisobeaev 

47 

I 

30 

r 

55 

18 

440 5212 

Ismail 

45 

20 

34 

I 

55 

16 

440 4413 


Le pendule ^ ryyersion et son trypied construit par M. Repsold sont 
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trfes-commodes pour le transport et la recherclie des differences entre les 
longueurs du pendule a secondes en diverses contrees; maispour obtenir cette 
longueur k un lieu particulier, on est oblige de faire une serie d’experiences 
difficiles k executer avec precision. II serait peut-^tre plus comnaode de sus- 
pendre en un lieu unique le pendule tant a son trepied actuel, qu’k un support 
solide fixe k un mur, k la manikre comme le faisaient avec succks le Capitaine 
Katee et les autres observateurs anglais. Les experiences faites pour deter¬ 
miner les durees d’oscillations dans ces deux manikres de suspendre le pen¬ 
dule seront suffisantes pour trouver la correction qui depend de la flexibilite 
du trepied. 


Le 16 Jmmer 1879 


A LIST OF PEKSONS 


TO WHOM 

THE MEDALS OR TESTIMONIALS OF THE SOCIETY 

HAVE BEEK ADJUDGED. 


1823 

June 13. 


Charles Babbage, Esq 

The Gold Medal —For his Invention of an Engine for computing; 
and printing Mathematical Tables 

Professor Johann Friedrich Entoke. 

The Gold Medal —For his Investigations relative to the Comet 
which bears his name. 


Charles Eumker, Esq 

The Bilver Medal-- For his Eediscovery of Enokb’s Comet in 1822. 

M Jean Louis Pons 

The Silver Medal —For his Discovery of Two Comets m 1822. 

1826 

Feb 7 J F. W Hersohel, Esq, and James South, Esq. 

The Gold Medal, each.—For their important Researches on the 
subject of Multiple Stars. 

Feb 10. Professor Struve 

The Gold Medal —For his important Researches on the subject of 
Multiple Stars 

1827 

Feb 2 Francis Bailt, Esq 

The Gold Modal —For his “ New Tables for determining the places 
of 2,881 Stars ” 

William Samuel Stratford, Esq. 

The Silver Medal —For his Superintendence of the Computation 
of “New Tables for determining the places o‘f 2,881 Stars ” 

Feb 5 Colonel Mark Beaufot 

The Silver Medal —For his valuable Collection of Observations, 
particularly those of the Eclipses of Jwpiter’s Satellites 
Roy Astron. Soc Vol XLIV tt 


3i8 List of Persons to whom Medals or Testimonials have been adjudged. 


1828 
JBill* I I 


Feb. 4^ 


1829 
Jan, 9 


1830* 
Jan. 8. 


1831 

Jan 14. 


J an 11» 


183s 
Jan 9 

1836 
Jan 8. 


Sir Thomas Maohougall Beisbane, KGB. 

The Gold Medal. —Bor his Estahlishment of an Observatory, and for 
an important series of Observations made at Paramatta. 

Jambs DoirLOP, Esq. 

The Gold Medal. —Bor his Observations of the hTebulse of the 
Southern Hemisphere. 

Miss Oaeolinb Heesohbl 

The Gold Medal. —Bor her recent reduction, to January 1800, of the 
UTebulse discovered by Sir William Heesohbl. 

Hev. William Pbaesoh. 

The Gold Medal —Bor hia woih entitled “An Introduction to 
Practical Astronomy.” 

Professor Bessel. 

The Gold Medal. —Bor his Zone Observations. 

Professor Sohtjmaohee 

The Gold Medal—Yor the Publication of his various Astronomical 
Tables, and the “ Astronomische Hachrichten.” 

Mr. William Eiohaedson. 

The Gold Medal —Bor his Investigation of the Constant of Aberration 
Professor Enoke. 

The Gold JfedaZ.—Bor the New Berlin Ephemeris. 

Captain Katbe. 

The Gold Medal —Bor his Invention of the Vertical Bloating 
Collimator. 

Baron Damoiseau. 

The Gold Medal—'Fox his Memoir upon the Theory of the Moon, 
and for his Lunar Tables. 

Professor Aiet. 

The Gold Medal —Bor his Discovery of the long Inequality of Venus 
and the Earth. 

Lieutenant Johktsoh. 

The Gold Medal— Fox his Catalogue of 606 Southern Stars. 

Sir JoHK F. W. Heesohel. 

, The Gold Medal— Fox his Catalogue of Nebulae, printed in the 

PhilosopbiOEl Transactions^’ for 1833* 
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1837 

Jan. 13. 
1839 

Jan. ir. 


1840 
Jan 10 


1841 
Jan. 8 


1842 

Jan. 14. 

1843 

Jan 13. 


1845 
Jan 10 


1846 
Jan. 9, 


1848 
Jan. 14 


Professor Eosenbeegee. 

The Gold Medal. —For his Inyestigations relative toHALLEx’s Comet 

Hon John Weotteslet. 

The Gold Medal. —For his Catalogue of the Right Ascensions of 
1,318 Stars. 

M. Jean Plana 

The Gold Medal. —For his Work, entitled “Throne du Monvement 
de la Lnne.” 

Professor Bessel. 

The Gold Medal. —For his Observations and Researches on the 
Parallax of 61 Oygm 

M. BLansen. 

The Gold Medal. —For his Researches in Physical Astronomy. 

Feanois Bailt, Esq. 

The Gold Medal. —For his Experiments to determine the Mean 
Density of the Earth in repetition of what is generally termed 
the “ Cavendish Experiment.” 

Captain William Henet Smyth, E.K 

The Gold Medal —For his “Bedford Catalogue,” forming the second 
part of his work entitled “ Celestial Cycle ” 

Gboege Biddell Aiet, Esq., Astronomer Royal. 

The Gold Medal —For his Reduction of the Observations of Planets 
made at the Royal Observatory, Greenwich, from 1750 to 1830. 

Testimonials were a/warded to 

Geoege Biddell Aiey, Esq., Astronomer Royal. 

For the Lunar Reductions recently made at Greenwich. 

John Cotjoh Adams, Esq. 

For his Researches in the Problem of Inverse Perturbations leading 
to the Discovery of the Planet Neptune. 

Professor Aegelandbe- 

For his Catalogue of Stars. 



320 List of Persons to whom Medals or Testimonials have been adjudged 
1848 

Jan. 14 Geokgb Bishop, Esq. 

Eorthe Foundationofan Observatory leadingto various Astronomical 
Discoveries 

Lieut.-Col Gboege Everest. 

Eor his Measurement of the Indian Arc. 

Sir John E. W. Heeschel. 

Eor his Work on the Southern Hemisphere. 

Professor P. A. Hansen. 

Eor his Lunar Theory and Computation of Perturbations. 

M. Henoke. 

Eor his Discovery of two Planets, Astrcea and Hehe. 

John EnssBiiL Hind, Esq. 

Eor his Discovery of Two Planets, Ins and Flora 

M. XJ. J Le Veeeiee. 

Eor his Eesearohes in the Problem of Inverse Perturbations leading 
' to the Discovery of the Planet Nejotune. 

Sir John Lubbock. 

Eor his Eesearohes in the Theory of Perturbations. 

M. M Weisse. 

Eor his Catalogue of Stars in Bessel’s Zones 

1849 

Eeb. 9 William Lassbll, Esq. 

The Gold Medal —Eor the construction of his Equatoreal Instru¬ 
ment and for the Discoveries made with it. 

1850 

Eeb. 8. M. Otto von Struve. 

The Gold Medal ,—Eor his Paper on the Constant of Precession. 

1851 

Eeb. 15 Dr. Annibale de Gabpaeis. 

The Gold Medal .—Eor the Discovery of three Planets, Hygeia, 
Pa/rthmope, and Fg&na. 
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1852 

Feb 13. Dr C A F Petees 

The Gold Medal —For bis Papers on the Parallax of the Fixed 
Stars, and on the Constant of Nutation. 

1853 

Feb II. John Russell Hind, Esq 

The Gold Medal —Foi the Discovery of eight Planets, and othei 
Astronomical Discoveries 

1854 

Feb 10 M Chaklbs Eumkbe 

The Gold Medal -For his Catalogue of 12,000 Stars, and for other 

Astronomical Services 

185s 

Feb 9 Rev W R Dates 

The Gold Medal—Fov his Astronomical Labours generally 

1856 

Feb 8. Robbet G-eant, Esq, M.A. 

The Gold Medal —For his “ History of Physical Astronomy ” 

1857 

Feb 13 M. SOHTABE. 

The Gold Medal —For his Discovery of the Periodicity of the Solai 
Spots 

1858 

Feb 12. Rev Robbet Main, M A. 

The Gold Medal —For his various Contributions to the Memoirs of 

the Society. 

1859 

Feb II R. C Caeeinqton, Esq. 

The Gold Medal—Fov his “ Redhill Catalogue of 3,735 Circumpolar 

Stars.” 

1860 

Feb. 10 Professor P. A Hansen. 

The Gold Medal—Fov his Lunar Tables. 

1861 

Feb. 8. M. Heemann Goldschmidt. 

The Gold Medal—Fov his Discovery of thirteen of the Minor 
Planets, and other Astronomical Discoveries. 
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1862 

Peb 14. Waeeen De La Eee, Esq 

The Gold Medal, —Eor bis Astronomical Researches, and especially 
for his Application of Photography. 

1863 

Feb. 13. Professor Arg-elandee. 

The Gold Medal, —For his Survey of the Northern Heavens. 

186s 

Feb 10 Professor G. P Bojsrn. 

The Gold Medal, —For his work on the Comet of Doitati, and 
other Astronomical Researches. 

1866 

Eeb. 9. Professor Adams. 

The Gold Medal —For his Contributions to the Development of 
the Lunar Theory 

1867 

Feb 8. W. HuoG-iisrs, Esq, and Professor Millee. 

The Gold Medal —For their Researches in Astronomical Physics. 

1868 

Feb 14. M. Le Veeeibe. 

The Gold Medal, —For his Planetary Tables, 

1869. 

Feb 12. E. J. Stoite, Esq. 

The Gold Medal, —For his Rediscussion of the Transit of Verms in 
1769, and his other contributions to Astronomy. 

1870 

Feb II, M. Delaunay 

The Gold Medal, —For his Theorie de la Lune.’^ 

1872 

Feb. 9. Signor Schiaparelli. 

The Gold Medal, —For his Researches on the Connexion between 
the Orbits of Comets and Meteors. 

1874 

Feb. 13. Professor Simon Newoomb. 

The Gold Medal, —For his Tables of Nejotune and Uranus, and 
other contributions to Mathematical Astronomy, 

1^575 

Feb. 12. Professor D’Aerest 

The Gold Medal, —For his work entitled Siderum Nebulosorum 
Observationes Havnienses, institute in Specula Hniyersitatis 
per tubum sedecimpedalem Merzianum, ab anno 1861 ad 
annum 1867/^ and other Astronomical Works. 




